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_ ' ! "60 oL *ygrds of- strmg ) ) 1,2,8,3,10,
< e Lo o | o
’ * * ) Sl ’ =
. .1 a *red felt marker or pen - - e
i PR /* blue or black feLt marker or pen . 1,20
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2 * toothpicks - v . 't I4 15,
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INTRODUCTION

a
d

»~

Unit 25 relates the graphs of motion at a constantfspeed to
:multiplication. The children begin to explore motion through
a series of foot races. They time themselves running and
hopping, and measure the distance covered at the end of five
seconds. Through these races they become familiar with
some of the problems involved in measuring speeds.

The data obtained from the foot races i$ analyzed by stating
it in time~distance ordered pairs and graphing it on grids.
When the graphed data is compared to the data as it was,

~ first collected, “the children see the value of usmg graphs to

represent and compare data. - X "
—Onece the-cata has ‘been graphed the children find they can
. compare the relatlve speeds of two or more runners by com-
paring the. steepness (slopes) of the lines representing’ their
motion. The children discover that the-steeper the slope of
the line, the.fgster the runner. &
In Sectio'n 2 the class uses toy cars to study motion. Ther
collect data on the cars when they are going at full speed and
also when the cars have beén slowed down. The motions of.
the cars are graphed and the children ]Jearn how to name the
slopes of these lines by assigning each one a number. The
slopes (or speeds) can ncw: be compared by the size of their
"ass1gned numbers. . . . _ .
( .
The relationship of .multiplication to constant speed motion
is made obvious when the children examine the increase in
the slope of a line. The steepnéss of the. line increases by
the same nuniber of grid units from one grid intersection that.
the line pa\sses through to another. This increase is the same
as the slope name. The children find: that when the slope "

.

-

-

hY
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name is a whole number of units up,per one unit over, they
.can multiply by this number using a line with that slope and
numbers on the horizont&l axis of a grid, The product is
read from the vertical axis. From thisrelationship a chart
with slopes one through nine is developed. The childrerf use
this chagt to find the products of integers from zero through
ten. ) ’ :

In the last section the children rgview some embodiments of
multiplication other than slope. Their work with repeated
addition and arfays serves both as a review and as prepara-
tion for Unit 27. They also explore the relation between
multiplication and Cartesian products. Card games and dice
games reinforce the relations among arrays, repeated addition
sentences and multiplication sentences and also provide fun
ways to practice the multiplication facts. : ‘

°
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PURPOSE . . ‘ .

- — To develop an understanding of speed asa relationshlp between
b time and distance, - . A
C\ﬁ - . . N .
~ To 1ntroduce the idea of slope as a way to represent and com—
pare speeds.
COMMENTARY ) A

" A o

—

_The flrst sectlon_of th1s unit introduces the children to ths study

of motion. They plot time- distance data (speed) and interpret

; raphs of this data as showing faster and’ slower speeds, They are

) introduged to the idea of the slope of a graph and discover that the
steepness of, the slope indicates relative speed: the stéeper the
slope the greater the speed /-
In Lesson ) you and the ch11dren prepare the equlpment they will
use in the foot racing lessons. ¥You mtroduce the racing procediires
and the recording techniques. The ch11dren learn the jobs of team

- memb_ers.

in Lesson 2 the children pract1ce the running and recd}dmg pro- .
cedures,  Each child runs at least once and his datum (distance
covered in five seconds) is recorded The children practice until ‘
you are sure they understand the procedure so that in subsequent
lessons, when the children race again, they can concentrate on
getting accurate time-distance data, : .

W

i




) ' . " .
" > Less on 3 re vigws plotting 'point$ on-a grid\,é;gq__ writing ordeéred pairs .
. for points alréagy labeled on a.grid., Since“"*the\chi-ldren have done
e this in Unit 24, the lesson should not take much time., The lésson
©  is included here because.in following lessons the children must :
. >+ know how to graph their own time-distance data from foot races '

+ and, in Section 2, from car races. ’ P ‘

° . .- x

) -

. - Lesson 4 includes two games that give practice in plotting points
- .. on a grid. The games can be introduced in.class and then played N
by the children throughout the school year, and especially through- .

out the remainder of the unit. ) : | o \

. hat's
‘o . . " .

Lesson 5 deals with the value of graphing data, specifically height

_ - " and.weight data tﬁgﬂt is provided. The children discover “that théy

) v can tell easily who is. the tallest, heaviest, etc, when the data is
i plotted on a grid, whereas it is not so easy to answer stuch ques- Ca o

: tions when the data ig given in the form of ordered pairs.
' 4

|
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L

. Lesson 6 invelves pl&tting t1me ~distance data. The chﬁdren dis-
cussat{}e meaning of phrases denotmggpeed such as "four miles.
‘ per hour." The class discussion and worksheets 1nvolve thé i
~ interpretation of constant speed data. * . .

- . N ~
N v .

~In Lesson_7 the children again plot lmear (constant speed) time-
. distance._. data. Thé idea of slope and’its meaning are introduced,
- - 'The children mterpret a steeper slope on a graph as an mdlcatlon

S . - . of faster speed. T '

. \ "

- In Lesson 8 the*children run races for a f1ve~second t1me duration,
Thenzeach child plots the data for thrée of h?feamggembers the
fastest, the slowest and one other child. As a class the~children
discuss these graphs, answering such questions as "Who is tTfe\\

T . fastest runner’> Who is the second fastest girl runner? " \
Pl A . S " E . . N

] . .oon . .

e e s K S o e % % e v




- N o
by
. The chlldren run anotherrace in Lessop, 9,.this time recording.the ’
T e - distance of each runper at.one, two, three, four and fivé seconds. ~

When this data is pldtted and the points connected, the children- -
see that each graph has an approximately constant slope indicating
that a child ran-at about the same speed for the entire five seconds.

>
v
S
S5
Bit]
]

o,

In Lesson 10 the chlldren run races ifi which the speed is not con- |

S

T . stant, The procedure: suggested involves having a child hop for ) . )
three seconds and then run for three seconds. Again the time- " - |
distance data for each child is plotted, but this time the graph is
—not a straight line. The children see that the stgepness, or slope,

. . of the graph varies., The first three seconds show a less steep .
‘ ) 7 slope ’than the last three seconds, 1nd1catmg that a child did not

|
|
-go as fast the first three seconds., o . ' 1
|
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N Lessonl ORGANIZATIo?\\AL IESSON

n*this-iessorrthe*cldes prepares for work in subsequent
lessons by setting up he equipment, and going over the:

proéedures for the foot/races which they will begin in

Lesson 2. . * -

The class will need four pendulums and four measuring

-_strings for the car races in later lessons, Though only two

pendulums and-two strings are needed for the foot races, you
will probably want the children tc make four of each now,, andv
set the extras aside for use in Section 2.

» .

There will be four teams. Two teams work together to learn

" to. run,.,time, judge and record data for, the foot races. In

,'Lesson 2, the ciass practices the races in the gymnasium.’
Since Lesson 2 should be done while the race procedures are
still fresh in the children s minds, you may want to do Les-
son | in the mormng and Lesson 2 in'the afternoon.

‘ ’BY*developing,, in this- les son, the ,skills nee_dé_d\in the races,
the children will be able to concentrate more on- th\e study of

. motion in the lessons that follow. -They will begin to under-
stand that in determining speeds data about distances and
txmes must be gathered ) . b

N

‘MATE RIAIS

S . — roll of maskJ.ng tape
- 4 measurmg strings each 42* long™
— red marker and blue or black marker -—
- Worksheet‘ I '

_ == for pendulums -
4 foot rulers

4 thumb tacks ¢

paper c¢lips, 1" long

&

4
4 pieces of string, 12" long

4 lead weights for the bob

chairs . -




. PREPARATION R
. , .
" The procedures for makin“g the pendulums and measurdng
AN / _strings are explained here. You should have one of each
. s ready to show the class when you begin the lesson. You
T / may w15h to have volunteers help you make all of them at
- - : A one time, or you: may wish to as semble the equipment in
S class. . , .
-/ . : » ~? -
/ . If you have not afrea‘dy done so, arrange for the use of the
' gymnasium or other large area for subsequent lessons. . (See
" thé materials-list at-the- beginning of this unit.) .
- ‘ To make the measuring strings, use a piece of string slightly
' * longer than 40 feet for each one. Mark off each string at
six-inch intervals, using a red felt marker for the foot marks
. and a black or.blue marker for the half-foot marks." Attach a
piece of masking tape every five feet, labeled with the proper
numeral: 0, 5, 10, 15, etc.. P

Worksheéet | shows how to construct a pendulum. If 'ydu
arg doing this in class, have the children turn to the work= '

.- sheet in their student manuals.

. * . Aftach a lead sinker, or other small weight such as a nut,

C to one end of a; 12-inch string. Tie the other end of the
string to a one-inch paper clip and adjust it so that the
entire length of-thé pendulum, including the paper clip and
the bob, is 10 inches. This will make the period (time

o for one eomplete swing) of the pendulum- about one second.

. N "\"\

h

. R & .




. Worksheet 1 ) | - ~Name______ . . .

* Uunit2s . .- . . \

«

N . -1’
o ) ~ * Pendulum Construction
\\ Ruler . S . . o
| Thumb Tack Chalr Seat

. Paper Clip 1" AN RN
. : [ (A -

L
1

e 10" ¢ “String” "N\ Masking Tape -
< T S L‘ Lead Weight or Bob
.._«.,_}‘ )
" Procedure For Starting Pendulum
. ]
10"
/< (one complete swing :
_ . for each count) . - .
9 e * \ o
y . . R :/
N ) 23 ) h 1 K l. )
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. In order that the bob can swing freely without hittIng anything
. and at the same time bé portable the supporting ruler should
\ e~ be extended from the seat of-a chair with the:. end held down.
' . \ by masking tape., The rhler should not extend more than three .
inches beyond the chair seat thus avoiding the tendency for
- ' " it to vibrate as thép pendulum swings. —e .

H .
. . v e N

PROCED URE _ ' .
Activity A C .o L
To make the ‘children aware of the need for the measuring
- techniques they'are going to practice in this lesson,- use
’ questions: like those below to stimulate discussion. The
*  children should begin to associate distance and time dura- .

tion with speed, This activity should take ‘about ten min-=

utes, (

< Ask the class: o .

-
.

L WHAT DO WE MEAN BY SPEEDZ (How fast something goes:)

N
h
rs
»

x
PAruntext provided oy enic [ . . .




s . c : n CAN ANYONE TELL ABOUT A_TIME WHEN "THEY TALKED -
g T ABOUT, SPEED OR WHEN THEY HEARD SOMEONE TALKING .
T ABOUT SPEED? (When I rode {n a car, durmg a space . e .t
. flight.) " ] , \ . - L/
HOW :E‘AST DID THE CAR —.SPACESHIP — GO? (60 miles . e
. per hour; l§,‘0,00 miles per‘hé;ur.) ; . <

If the-child dees not include a phrase like.miles jper hour in - '
5T L his answer, say:. '

' L . -
IT WENT SIXTY — SIXTY-WHAT? (Sikty miles per 'hoUr.)

3
WHAT DOES SIXTY MILES PER HOUR MEA.N" IIf would go

sixty miles in one hour.)

. \ . . Voo .
T HOW FAR COUID A SPACESHIP dO IN ONE HOUR AT

' 15, 000 MH.ES PER HOUR? QS;OOO“miles ) )

* ' : WHEN WE TALK ABOUT SPEEPS WE SAY, “MILES PER
. ~ - HOUR™ SO WHEN WE TALK ABOUT SPEEDS, WHAT MEA-
SR ' SUREMENTS:DO WE TALK ABOUT? (Miles and hours.)

- WHAT DG WE M'EASURE IN M’ILES? (Distances length
. measurements ) . . v
X T ' WHAT DO WE-MEASURE IN HOURS? (Time durations;
‘ ‘time measurements Y . . .
PR ¢ K I ' o* ~
0N +* - THEN TO FIND OUT ABOUT SREEDS, WHAT DO WE HAVE :
e ’ TO MEASURE? (Distancés and time durations ¢)

Y N H
. N - . H .

o ' . CAN ANYONE‘ THINK OF SOME OTHER UNITS BESIDES
: . MILES WE COULD USE TO MEASURE DISTANCES" (Feets .o
+  yards; Centimeters; etc. ) T e X ‘
. * hY
CAN ANYONE THINK OF SOME OTHER UNITS BESIDES .
. HOURS.WE CQULD USE TO MEASURE TIME DURATIOND?
. “ (Minutes, seconds; weeks; years; etc )
. O. .
+ WE SAID BEFORE THAT IN ORDER TO PIND OUT ABOUT
) SPEEDS, WE MUST MEASURE DISTANCES AND TIME .
. DURATIONS COULD WE MEASURE ‘SPEEDS ‘IN FEET PER
. ) , ’

*

).

') e
« 3

~3




' ~
‘ - \ L S“QOND OR YARDS PER WEEK INS <AD OF .MILES PER\
' " / - HOUR" (Let the children speculate. - hey should see .
¥ . that *he.important thing to remember is that they measure -
g N distances. and timé durations. It doesn't mattef what * . T -

o "ounitstﬂeyuse) T, g

i Tell the class that’ in the next lesson. they will “begin experi-
2 . ments to study speeds. ~Before they begin the races, they . N
' will learn how to measure distances-and times. £

" ] 3 .
-~ N 5 . [ . . s .

. " ActivityB . . \ .

¢ g

Con If you have not yet made four pendulums and four measuring .
strings, show the class the: demonstration string and ‘pendu--
: lum and +haye the children make, the others. o .

[

ki

AL When the equipment is ready, organize the children into four . -
T . . feams by choesing four captains who can select team members‘ . .
et \,.,in rotation or by picking the teams you:;Self ‘ X v y

~ o - .
‘e w4 -
>

"o '~ + Explain that~when the races are run in following lessons,.two
team vill work together on each track. The children ontgne

. T ' team- 11 be the runners, while the children od the other team = = . .-
‘ T, . - will he the officials. When all the members of one team. have Loy

. .' " run, thé teams will change jobs. ‘Every child will be an offi~ o BN
B R cial at some time, either in this lesspn or future lessomns. | ¢,

I

) : Runners " There vg‘ill be" seven.or eight children on “each team,
NN - . but-only four will run at one_ time.. While four chil= . )
- , . ) dren of Team A ar&yunning, - ‘the ather Team A mem- B

)

- . ‘ 3 v bers sit quietly by the side of the track . <




| ~ : : *S
) - : - ’ 2 !
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) A .
. " ; ’ ‘ . ! L - " ‘ ) ' ’ ) {(
oo ' ‘ Den’x@nstrate how to use the ‘pendulum. To start the pendulum
. ‘ ) swmglng, hold the bob between two fingers about five ihches,
. EI frém its rest position and rele\ase it by simply openmg the .
- . ' “fingers. ‘USing too large a swing or push1ng the bob may
, - ¢ alter the period of the pendulum. Have the ch)ldren ‘count S
o , ” . the swings with-you until the procedure is clear.
A C " . Timer ° One child from Team B (the team that is not running)
* ——r e e R . L. -
. L will be the timer, He starts his pendulum and
s V . - counts its. swings as if he were doing a count down
: : T . ~for a blast-off; He will say,"two" when he. releases
NN .- | . :
. . j /tﬁ'e"ﬁe'naulum, 'g'one...when it first ,;eturns to thé -
) L K o release. pomt, ."zero“ .the néxt time it returns to
Y e e o . the release point, ‘and then "one," “"two," ett. to
" : _ P _ "seven" a:}it‘f‘eturns {o the release point, L e
. .o . o . - . oo :

Let, one child from, each team use the pendulum and coun* its
Y ‘swings while the other. members from the teams watch. Remind
S e . o, ea;:h timer that he shou1d~ hold the bob no more than" five )

: ) ' inches from the bottom of the swing when he releases it ahd

.l RN N —— s ]‘
* 1 h A e that he, should \not push the, bob but simply Le’ it go P
i ) . 3-‘ B . oY ->‘ . i RS :I "y \ [ :;s
: . ‘ . ,\ ‘. ‘ o ” . i o \ o 4
' . { - S & i) S K ‘ '”
Y i Ay Y. . y !
. - B L% . bl y 7'.\‘
: . ’ . L. . oy ‘ /o N = .
Q o . . . ' ‘ . R ' DR o . . . :
EMC : o - . A . < R N N A S v . N . R .

P onc) ¢ . . - v .ot .. .o - . '
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N i ,
K Starter One-child -from Team B will bring his arin down at
o ~ the count of "zero" just as the starter of an auto -
Rl . race brings his flag down tc send the cars on
- their way. (Late wheén toy cars are used in
sre . T S experiments, the starter will lower the rear wheels
' > of the car to the floor when the' timer says "zero. "y
’ T . Choose. one child from.each team to be a starter, Let each
- : » starter practice bringing his arm down at “zZero" while'the .

~=timer-from eachteam counts“'he pendulum swings.

14

‘There will be one judge from Team B for-each run-"

_ner of Team A. Each judge will mark the location
of the frons toe of shis runnér (front of the car in

later experlments) at the count of "five™ by-laying

down a ruler at a right angle to the track. The

_ _ i judge will give the time interval and the distance

‘ ) v run to the nearest half-foct (e.g., "5 seconds,

28% feet“) L7

P
-
—
[t
Q.
Q
o
1

L4

. ' When the children run the race. in the next lesson a few .
v trial runs will be necessary to position the’ judges at the
| approximate spot whe,re most Tunners-will bé at the count

-

i of "ﬁve . ‘ . e

Y
~1

,, D0
o C‘:}
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/ Discuss the'i"nformation

v 5

. <
Lay out part of the measuring string on
.the classroom floor and let pne child ,
serve as runner and one as judge. Let
the runner fvalk a short distance and
have the judge demonstrate how to
“mark ‘the distance with the ruler. (See

note on page 14.) e

Recorder One child from Team B will keep track of the run-
ners from Team A, He will record the location of
each runner and the count ‘when that location was -
marked - .
> g L B

for the recording sheets
and ask the recorder from
each team to develop a
sheet to be used in‘the .
. next lesson. This sheet
can be similar to the one
ory the next page. 2




Team Date ) L

Recorder—— s —
[ -Distance from ‘Time .
Name. [ - ¢ Start (feet) (counts)

r

Note: .Cautién the judges. not to tr1p'the runners when ‘they
Jay down'the rulers. Each judge will have to watch care-
fully where the runner is at'count- “five“ bécause the runner
keeps runnmg to the end of the track.

c " i - ! .
Peel free to yse as much time as you consider necessary to.

“You may want tc have the children pract1ce their jobs in the
classroom before going to the racing area. v

~
el 3

develop these procedures before going on to the next lesson. -




PR ” Lesson 2: PRACTICE RAGES" ==~ - . °

N

If this lesson, the children-will praétice tirhing and marking

a_race for.a tmiedntervab of five-seconds. ~Each judge-will~

“mark the d1stance covered by one runner in that time interval,
Some of the chlldren may begin to reahze that when runpers

. * move for the same time interval, the one who covers the -

) ' ’ - greatest distance moves the fastest, though 'ghls W111 not be

. . K ) developed until later ' lessons.-

MATERIALS - |, : . -

— space in the Qymr’lasium or outdoors .
-t < . .
-- equipment to take to the racing area --

LU - - .

- \

. . — 2 péndulum assemblies :

N - recordiny sheets and pencﬂs .
3 “ - 0y
— 2 measuring strings :

~ 8 rulers ) -
: . — magking tape

“ = 2chairs for pendulums  °

" ’ N .
ERIC » ~ ‘ N
- N
8

. ot 5 ) ¢
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" PROCEDURE _
v 5 . 5 . v
] ) efore going to the gymnasxum or outdoors plan the practice
CHICOUINIRRIPEIE = H «.———-——races—with-your-e—las s-—-Keep-=in-mind~the followmg—suggestions
e C as the plans are made° i

1. Two teams are involved with each race: one-team provides »

‘ . ‘the- officials and members of the other team are runnets. T
When all members of one team have raced, the teams ex- ”
_ change roles. Have-two tracks set up SO that alI four

teams are involved .

. 2, To ensure more accurate results only four children from a
. . ‘team should run at the same time. The other children can
d . sit on a warm-up befch.. ‘Thus there will have to-be more
. o than one heat for each team. '
a * ‘e & " aa N '
3. All runners on the same ‘team should start from the same ’
2*: +  gtarting line, start at the same time, and run in the same
direction — para’ilel to the marking string which is tapéd
to the.floor. ) ¢ -
v * N .
e T TThe judges ahd.runners should be numbered and arranged
' - - so that Judge | can mark Runner |, ete. Be sure that
\“ ) .o each judge has a chance to mark.at, least one runner, g - e

: . 5. The ruhners should start when the starter drops his arm
S -~~~ ‘andkeep running to the end of the track. :
‘ . 6, Their positions should be marked by the judges when the
* " , timer calls “five o0

7. The, distance run»by each runner is recorded by the re- .

-

) . corder who goes to each judge to'get the information.

|

. 8.A diagram on the chalkboard (similar to the one on the l

. next page) will help the children to visualize how the- |

, "% races are to be run;, - Co < , l

. _ |

.t T . When the children have the procedure clearly in mind, gather l
o T up two pendulum as semblies, two-chairs, several recording ‘
’ sheets and pencils, two measuring strings, eight: rulers and - L

aroll of masking tape. '

LY




_Timer . “Judges | and 2
. . (Team B) _ (Team B)
—— I Q) - - : /" 7
< @ S : ' . . R T
S T A | - , ) Measuring ,
E o .“' o hd . - * ' 11
© S 5 b 7 .
&2 3% . * -~ string
. ,-’ . (“/-; . v
4 . “ o
Starter . " * Judges 3 and 4

P .« (Team B) . ' (Team B)

Team A runners
5,6,7 and 8

"Recorder (Team B)

‘sit at side. . ' ’ S IS
- ) 5
£ s ; /
iy q‘- - ’ N ) .
» - i » In the gymnasium, the measuring string shou_ld_ be taped to
Ly . the floor at both ends so that it is taut, A starting line,

long enough so that all four runners can stand by it without ~:— - ----

being crowded, should be made of masking tape perpendicular

to the measuring string.

: When the timer has his pendulum in place and the,judges have

. been given rulers and stationed properly, let the children
. | ' practice a few races. Each team should get a chance to act
: both as officials and as runners. Be sure the children run '

enough times so that they are familiar with’the running and

* recording procedures. Explain to the children that these
procedures will be used again in Lesson 8 and similar proce-
dures will be used in other.lessons involving foot races and
car races. They must understand how to run and record their

" data now so that the.next time they race they can concentrate
on®®e experiment involved rather than the set up and recorcung
techniques. . D N o

17
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Lesson 3: ORDERED PATRS AND POINTS ON A'GRID

N

This lesson reviews and gives practice in plotting pomts on

MATERIALS" ' I

~ — ruler or other straightedge for each child : &

4

PREPARATION . R . :

PROCEDURE '« ’ : - ‘

‘ 7\ct1\my~A | ~ .o -

-— Worksheets 2 through 8 Sl

a grid and assigning ordered pairs. to points on a grid. The

amount of time you should spend on this lesson will depend . @
on how much your class remembers, about’ordered pairs and - ¢

- points on a grid from Unit 24, . .

— oJverhead projector or chalkboard grid . ‘. S
- . :

— transparency of grid.on pages. 19-20 and transparency of
Worksheet 5 in student manual

4

Make a transparency of Worksheet 5 from the student manual
and of the grid on pages 19-20 of this manual. (The grid ’ -
transparency will be used in several lessons, S0 you may
want to make more than one.) Have the overhead projedtor
ready. If you do ndt have a projector, you-can draw the grid
on the chalkboard

Ask the children to recall what they know-about -ordered pairs
and plotting ordered pairs on a grid. Emphasize that the or-
der of the numbérs in the pair is important. Illustrate this by
plotting the ordered pairs (3,6) and (6, 3). (3;6) means "over -
3 and up 6. " Locate this point on the grid. (6,3) means .
"over 6 and up 3." Locate this point on the grid. . (3,6) and
(6,3) name different points, on the grid. . f

Have different children come to the overhead and locate the
points that correspond to the following ordered pairs

‘-(3:2)1 “IS):‘(S: l)l (9:4): (8I9)l -(4:7)1 (71?)0 ‘ ' < -

Have them write the ordered pair next to the point on the grid.‘

|

. . [P \‘
S .

~ i N |

|

2
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J N S SR ‘ S
701 273 4 5 6 7,8 9 10 11 12 13 14

19 -




Activity B - o .

" T . In this activity the children conrplete several worksheets that
provide practice w1th ordered pairs and plotting points on.a B
grid. Use only as'many as you feel the children need. '

S T ‘Worksheet 2 -

id

-

Have the children turn to Worksheet 2. Using the overhead
v projector and the gr1d ‘transparency of page 19 locate and
. label points A and B using the ordered pairs from the work-
, 2heet, Emphasize that the ordered pair télls you "how many
e . to go over and how many to go up" ffom ‘the origin-in order to
locate the point. . Point A is located by going over 3 and up 4 .oe
- ’ Pomt B is found by gomg over § and. up 4. ' .

[ . . T

Have different children come up to the overhead and locate
O n points C-0O as the other children locate these points on-théir - )
A worksheets. Circulate about the room to be sure that each - )
N\ V4
. \\ . ‘ child has located the points correctly. You may want to have .
_— N . the children exchange grids te check each other's: work.
' ' 2 After all the points have been located, have each child use-
R a straight edge to connect the points in alphabetlcal order
with line segments. - -
. R . @
Worksheet 2 . Nno—'_v'—_ .
. tnit 25 ° “ i : —
: A
B ~ . ‘2
] i 1 J s x
10 Il K _ -
) 9
/ 1
o 8 e
N ‘// : N .
¢ k ) -
6 - = /
MNCEE
‘ N
’ ‘ \| ¥ P .
5 N
\Y T
2 Nt
N N\ .
: \ $ q
13 c -
0t 2 3 4 85 67T 8 9 10 11 12 33;‘ . R
"% . A (3,4 F (1,6 K (10,10 ‘
B : B (5,4). G (2,8 L (11,8)
C (7,6) H 14,100 M (10,5)
D 15,5 16,11 N (6,10 *
E (3,5) J (8,11 0 4, : 91




e - . : - "B
) J X _ . , , W .
Worksheets 3 and 4 ' . ‘,'0 o . -
‘ N . )
)
, Have the children work maependently on Worksheets 3 and~4,
You may/want to use these worksheets only with those chil+ _ .
dren'who had' difficulty with Worksheet 2; "On these work- y
sheets the children again locate and label points on the grid ) '
and then connect them usmg liné segments to draw a picture.
~ e 3 H
. ’ ) > N )
° . . - -
- .
i ) . L4 't R _ -
Yorkshest 3 Name__: : Yorksheet 4 Name - i
nit 28 . . . Unlt a R ~ . . ¢
. ’ ls - - — =
Locate each ordered pair on the grid. ‘Label each 1}— ¢ ‘j * : P b~ g .
point with a letter. Connect the.points as you go : > - =" 1 - :
along. The first two are done for you. 1 L. < f. .
Leh Lum teme e AN TN 3
:::o:x;‘ hgm c uo::g) . G~ . : 9 - = —= . T
Thon N O Wi f Gee _ 8y | \o 0 a ‘
e (L o I e N s . '
g{:%é’. EJE:::‘?: 2 ::;Z:n T 7)— Gl M 1K 1L
1 0.2 AL} * ) 5 (0.0 . -
(P S 6 elfle iz |7 lm |v
. 2} N R 5 N
) . I I T £, Q P Ny i ro - ) . ) *ﬁ
-~ nf - Ky (K u S 3 3 ; - 1 .
) - =~y « . . 1 e i “ [/} T ' =
~87 - L o A A z 7- . +
7 G 0’{/. . Y . q
% . I h - .
o TN\ : -4 y R
. : E < . - - =
' ¢ - 0 2 3 4 65 6 7T 8 9 10 1 12°
R o) §~ d - . T
o \ ' . A (1,2) G (4,7 M (7,6 3 11,2 . .
B ﬁ; » e’ B (1,8 H_(5 'n I T 3 . O . 2 | e
¢ AR\ v 4y S CRT " 1515,6) 0 (8,8) - U (4,4) .
i Rnusd inuaine ¢ / ’ : ' D (3,8 J 46, ‘6 P o(9,11) vV (4,2}
- ' E (3,6 >(s T, Q (10,8 . 5
: ¢ . F (46 L7, © R (10,2) -
(
'-:‘ii’s!»ox'!Misﬁl‘!vn'.. —5> ' R - ‘ ) .
K N 3.
e: - - -
Worksheet 5 ,
. Have the children turn to.Worksheet §. Use a transpareficy
on the pro;ector. ‘
$ : .
Ask the chlldren to fmd point A on their worksheets. -
. WHAT OR'DERBD PAIR WOULD ~CORRBSPOND TO POINT A?
v . . -
3 DL} R bl
N L . -
. 22 . .
N >
+

¥

_ERIC.

Aruitoxt provided by Eic:




. i : .
Remind the childréen that L .
,the first number of the ’
ordered pan: tells how )
~ many units to-go over ° .. ‘
\ . while the second number , ' )
y ' of the ordered pair tells C et ® R e
- - how many to go up. Be 12} T .
: sure all the children 1 ' )
Lt understand that pointA . A0 \ DeNE T
‘ _corresponds to the - 9 : L7 o —
“ordered pair (11,7) before : L
going on, Help the chil-
Tt . dren find the ordered
) -pairs for points B-E.
The children should then
complete the worksheet
by themselves and con-
A o nect the points t6 make . 0
% ' . apicture, ' S I B B € R s :
: - 92 o LI - %1 34 5 6 7 8 9 10 11 12>
. Circylate throughout the . VLT
.~ class to be sure each REUX R
5
E

o

14,3
l 7' 3'
t7, {l"

“8, s kK t/, 3
tZ. 0 L&, N
5N N
N
0

" child is givipg' the or- L 26 nma g 7
.dered pairs correctly. 2,5 (3,3 19, .
You might post the cor- - L T -
.rect answers several S ' . ‘

" places throughout the * | R — !
- ) room so that the children . . ' .
) " can check their own work ) } ' T ,

when they are finished. : ' '

o>

~0
e T O
-3 O

Worksheets 6 and 7 : ‘ .

- . *

R4

These worksheets r”einforce‘ skills of naming points on a grid
. for those children who need more practice. -YqQu may %vant to
N ‘help children who had difficulty with Worksheet"5 cqmplete
) ' these two. The other children can complete the worksheets
_ _on their own time if they wish. After the children write

, - ordered pairs for-the points they should connect the points
with line segments’from A to B, B to C, etc. They will dis~
cover a picture on each worksheet,, - . B

AN

o B : 3 | .
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' ) , Workshoet 8 ¢ : Nawe, e .
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. Worksheet 8 :] r = N _ T .
M N . 9 hd M N
" ~ F’ Vs IS
. On this worksheet the - et T
. SN children draw a\line pic- -7 T CE e <
- > ture on the grid.™ The s . : :
- L4 * N - N
. . - drawing can be as smple s - -
, . -.or compplicated as they ‘4 ol S :
N . desne. In case the chil- 3 : X
T - dren need some ideas you . 2 d 1 — . .
- ’ ‘might,sketch the pictures ! 1 - .-
.o . on the following pageeﬁn . rw ‘ N
the chalkboard ) 0 12 34 8 6 7 8 9 10 11 12
. write ordered palrs to name the end polnts of your N
. Lt . pluture L B [ N [}
, A . . . ;. [ N (
) ¢ . X \ ; ; "
. ) . ) . .
24 ) ! ) ' . E
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Encourage origiriality in the dr“clw‘.xgs The only restrictions -
that need be’put on the drav(ings is-that they consist onﬁy of -
line segments and that the end,points of thé ségments lie on
the grid interséctions. When a child has completed his draw-
.ing have higi label- the end points of each’ segment usigg the -
.~ _ letteys of the-alphabet. He fnay.wart to label them in a spe-
R * cifi€ order: At the bottom of the worksheet he should list the
. letter and then the ordered pair of the point it names. .
t P a 'y ' -
For additgbnal practice the children might want to excha'ng'e '

*' "gets of ordered pairs and see if théy can figure out what thelr
neighkgor‘s picmre is. (Two, copies‘of the worksheet are pro-
vided for this purpose. ). Also the best pictures might be post-

> edon the bulletin board o < )

L N OTE- .Save the transpazencies you have made for later les-
‘sons. . . R

b

o
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Lesson 4: PLOTTING ORDERED PAIRS (GAML:.“S)
, This lesson gives practlce in plotting pomts on a««gr1d in ¥
game situatlons; Introduce the games in class and then let
the chlldren play dunng free t1me throughout the school year.

v £ -

3 . . A .

-’ overhead projector 5
-~ grid transparencies (from Lesson 3) - ..
— crayons for each etudent .

- Worksheets 9 &nd 10

-

PROGEDYRE o o

- Activity A: Go Moko 4

The game “Go Moko" providés good practice in plott1ng
ordered pairs’ On a gr1d .

N

blvide the class into.two teams. Designate one team as the '

X's and the other as the O's. While éxplalning the game use
a chalkboard grid or a grid transparency on. tha overhead pro-
jector.. The.objéct of the game is to- -gdin c”ohtrol of any four
adjacent intersections whiéh lie in a stralght iine hOI‘lZOI‘l"
tally, vertically or diagonally.” The first t;éam to.do so wins
the game. You may want to copy the scoresheet below and *
explRin to the children that the X team w/on because they
have four X's in a row at pomts (2,2), ;3 3), (4, 4) and (5,5).

A

7- “ " , . ~
; A S
. /
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NMow Ha ve children- ‘

: - from each team take’
. 2 turns éalling out ‘
S e, ordered pairs to = *
. ‘ name-points on the
-7 4, grid, They must )
S ’ give the order of the
. numbers correctly, .
: (The first number
: tells how far to go N
- A * ovér and the gecond . -
s tells how far to go
N . up.) As.each ordered
) ? pair is given, vou or -
. a student“for each
‘team mark that point
. ’ with the appropriate -
; « X or"0 on the overhead )
o grid, .
. . - - - - A team may lose its,t‘_urn by: - = ¢
O ‘ (@) one member calling an -
Yorksheet 9 Name : . S - -
e L it - ~intersection out of turn,
.. ’ i ° , , (b) one member conferring
EEIE — Go Moko Gamesheets ‘ with anotl'_ler,
. q . . ) (c) calling an ordered pair =
o IEME T that has already been
T C Y RN . 1T called, -
- . - X "(q) marking an ordered pair
K - : incorrectly.
t . LS N . “After playing "Go Moko" sev-
g _ . ' ) ) >« eral times in class the chil- \
B A - ", i dren may want to playithe game . :
R R Ean . with partners or in teams of two
T = ; , , -Or three during their free time, .
T " - i *| * There aré several grids pro- ~ e
. ; B ni vided for each child in his stu- S
e’ = . 4 dent manual on Worksheet 9, *  * -
. 3 : ; .
IR f g DI R . \ \
S ' ) . .
: ; : . o N _
F)
‘ ,, i o 27 |
Q ' L. ' . ) ; ! , } . '
- ERIC . . v S “

.
v . .
A ruText provided by Eric .
v . o
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Activity B: Claim ‘Jumper

This gampmvides:eppeﬁumﬁoradﬂﬁmmw h
locating, coordinates on a grid. Initially the game may be
introduced by having the class play against you. They will
try to find the treasure you buried, [Later the'?;ame" can be
played by pairs of children at their dgsks. It will be easier
for the children to start with only a 5 x 5 grid, These grids
are .'o’n Worksheet 10, The children can use a larger grid .,
after they have played a few times. There are two versions '
. of thg’ game; the easier version is explained first,

-

Two children play the game. In the first version, child !
,s_ecrétly marks the rocation of four bars of gold on a 5 x 5 )
. gfid, One comstock bhar, covering four intersections ina ' a8
& row, two homestake bars, each covering two intersections in
a row, and one nugget bar, covering one intersection, Child
_ % 2, who'will be digging in different places to find the gold
. bars, also has a 5 x 5 grid where he récords his hits ard.
misses. ' . . i B
. To draw thesé bars child | puts a dot on each of the inter-
sections that his bars cover, and circles the area covered by
- _each bar so that it is easy to see.’ He must keep his grid
covered so his-opponent cannot see it. . -

Child 2, with a blank grid, begins by calling out an ordered

pair in an attempt to locate his opponent's gold bars. Since

he is unaware of their positions, he must dig his first hole

as an exploration, After each“ordered pair is Jr_x‘amed , child 1,
Who buried the-gold, tells whether the hole hit 0{ missed the
pars. If it hit, child | says "hit," and tells-which bar was

hit. Then he puts anX through that intersection on his grid

to remind himself that his bar has been hit. Child 2, who is .
digging, néw- marks his blank grid with an’' M for miss at the .
intersection, of, if it is a hit, he writes C, H, or N for com-

stock, homestake, or nugget. . .-

'Po claim a bar, all points {intersections) of that bar must be
. . found. When a bar is claimed, the owner (child 1) must
announce this., Child 2 circles the location of the claimed
bar so that he will remémbér he has found that bar.

When all the bars have been‘cla;med, child 2, who did the
searching, counts up the.niimber of holes it took to find and

Gt\ -
) - .
‘ ) B .\.u
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@ cla1m all four bars. This is his 'score. Then the players

L2

change roles, Each child has a new grid The child who
searched for goid now secretly draws four bars, on his grid.
They play the game again. The child who had fewer holes
‘is the winner., -

In the first round of the game below, John buried a nugget
bar at, (4 1), a.homestake bar at (1, 1) and (1,2), anothér
homestake bar at (2,5) and (3,5), and the comstock bar at
(1,3), (2, 3), (3,3), and (4,3). He put a dot at each inter-
section and circled the area each bar covered. Bev started
. with a blank grid, She called out ordered pairs and' xp)arked

the misses with an M and the hits with C, H, or N, showing

which bar was hit. As John's bars were hit, he placed anX
at each point. When a bar was claimed, Bev circled it’on

. her grid. Bev dug 18 holes to claim ]Qhr;'.s _four gold bars/
In the next round, Bev would bury the gold bars and JohnS
starting: with a blank grid, would call out ordered pairs until
he located the.bars. ‘Whichever player dug fewer holes to
claim his\opponeht's bars -would' be the winner; .
. N

<

John '

Q-

o
A

29
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If some children would like a more complicated version, they
can try this one. Two:children play. Each secretly draws
- ' four bars on Ais grid by marking the intersections with dots
‘ and circling the area with a crayon to keep track of his own ) .
buried bars. This version is more difficult because each ‘
* player must keep track of the hits and claims on his own
° bars,, while at the same time keeping track of his hits and
‘ claims on his opponent's bars. * '

» The childrén take tumns alternately digging three holes at'a
time. When a'player calls out an ordered pair, the opponent
announces a miss or a hit of the comstock, homestake or '
. ‘ nugget bar. If the player misses, he puts an M at that inter
section so that he does not call that intersection again. If
th2 player hits his opponent's bar, he writes a C, H, or N at
. the intersection to remind him which bar he hit and where it O
is. The player whose bar-is hit, .puts an X at that intersecs, .
tion just to remind him how his opponent is doing.

~

When a playef ha‘é“clai_med one of his opponent's bars by
finding all of its intersections, he checks off the letters,

. ‘indicating that bar on his grid so that he knows it has been ‘ ‘
30 , \ .
\)4 — - - ! 3

ERIC —
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clarmed He .does not crrcle the location of the bar as he -
i did in the first version ‘of the game bécause the grid would -
- ' _be too confusing with- both players bars circleds -~ L

Each child's grid will have many arks on it and there will

be many things he has to remember, Therefore, this version

is much more.difficult than the first. The children will dis- ‘ e
. cover that théy must study their grids closely to detérmine ’

where to dig for the opponent's gold. Some intersections -

. will have several marks especially when both players put
their gold bars in the same places. The children may prefer
to use a larger grid so that the gold bars do not overlap. )

The sample scoresheets befow are for the second version,

Mike is the winner because he located his ©Opponent's four

bars first, Mike's scoreésheet shows 1) the locations of his

bars’ (circled), 2) the locations of his opponent's bars tmarked

with letters indicating the type of bar and with check marks
L~ mdlcatmg the bar had been claimed), and, 3) his misses J
- . (each marked with an M mdrcatmg that his opponent did not

' have a bar at that location)

-

Mike (winner)




After the children have played eoither,ilersion of the game a
few times they may-want to vary the size of the grid and the
_shape and size of the gold bars. For each.game the players
must agree on the shape and size of each gold bar.

Tell the children thatthey may use one or two of the four

grids that follow Worksheet 57 in their student manuals for -

the game. The children might enjoy making up their own
versions by varying the objects which are hidden, - For ex-
ample, they could hide animals, such as an octopus whose
body covers four intersections and legs cover three adjacent
infersections each. The objects to hide,’size of objects
and size of grids are limitless. However, two opponents

must hide identical objects, )
- e - .
worksheet 10 Nanve -
Unit 25 . .
n  Claim Jusper Gameshedts N
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. . " Lesson5: THE VALUE OF GRAPHING DATA s

v -

. “Inthis lesson the children will see the value of graphing in-
formation on a“grid so that it can be more easily analyzed.
The children will\plot and analyze weight and height data,
This lessori is geovided to give the children an opportunity
to analyze data they are somewhat familiar with before they
‘begin graphing time dnd distance data in the next lesson.

. Conhlparison's amoﬁg ordered pairs (height, weight) are very
o ' difficult or at least time-consuming to.analyze. The value
' of plotting information is that the graph provides a visual
- " representation of the data wihiich shows 1nter;e_latio'nships.
\ : : .+ Maximum and minimum values within the data can be found
) easily and relationships between one piece of data ‘and the
rest of the data can be seen. -Questions, such as, "Who is
the tallest?, Who is the lightést? , Who is the shortest and
. lightest?, Who is the tallest and heaviest?, How much
N ‘ variation in height is there in the class?" etc. can be answer—
ed rather easily once the data is rapresented by.points on a
. g grid. We would like to emphasize in this unit the analytical
. . value of graphing data.. - . -
MATERIALS »'
~ transparency of WétkSheet 12 (made from student manual)v
- ?verhead projector

- Works-hee!:s 11 and-12

¢

PROCEDURE .

u"ActivityA o ‘ e : ) .

Have the children turn to Worksheet 1 1. Explain to the
children that we often need to store two pieces of informa-
tion together, For example, a teacher neéds to store a

child's name and thé grade he received on an exam, An
employee in @ store may need to store the name of an item

and its price, Other information pairs might be the year

- a car was made and its' make. The ordered pairs given on -

" the worksheet are storing special information — the height

and weight of the children in a third grade classroom, -

DR
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~

Review the idea that the order of the numbers in the pair.makes
a difference. In these ordqred pairs the first number gives the
child's height in inches and.the secand gives the child's weight
in pounds. For childA (52,61) the height is 52 itiches and the

weight is 6! pounds. y S

ki

\*

Ask the children to look at the ordered pairs and tell who is

the tallest child. Quickly ask more questions, but do not

spend much time on answers: "Who is the shortest child?

Who weighs the least? Who weighs the-most? Who. is the
biggest-child (both the tallest and weighs the most)? Who

is the smallest child. (is the shortest and weighs the least)?

What could you say about Sandy? Is she the tallest? o .

¢ shortest? heaviest? lightést? How does she rank within
- the class? How many children weigh more than 55 pounds? )
How many weigh less than 50 pounds?" o .o o,
* %
¢ worksheet 11 Name,
Cnit 23 R
v - ) - > h
| ) theight,wetght}
Mary A (52,61
T ¢ Bob ° B 150,621
0 . SaMy , € 150,54 -
T, T ¢ paul D (53,69
‘ Bob ' E 48,51 *
“Jta - F(51{64)
pat G 182,57
. Jane H (54,76
Linda 1 148,56)
' , John J_ 183,78 .,
Martlya K (53,64)
N walt . . 149,51
Jean . M (50,56) , <
Bill N 156,751 ' ) _ .
Ton 0 (51,62) .
M : = . . Sandy , P (51,59 s :
' Chris Q (51,55
" - pan’ R (48,45
\ . Chuck S (51,53
) . Edlth’ T 182,621 -
Kia U *(47,46)
. Ned VvV 152,601




‘

The answers to'these questions are not immediately. obvmué

by looking at the data when they are given in ordered pairs.
'In fact, some questions are not only very difficult to answer
- " but raise other questions as well. For example, what is
meant by "biggest" and what if theresis no child that is both
the tallest and heaviest? _ ‘ , -

v

s . Suggest to the ¢hildren that since these are ordered pairs'we
might be able to tell more about them by plottmg them cn-a
grid. Have the children turn to Worksheet 12,
Emphasize that the horizontal (over) @xis represents the '
ot ~ height in inches ‘and the vertical (up) axis represents the -
) weight in pounds. Review once agdin the meaning of-the
. ordered pairs and graph several with the ‘children (use a v
transparency of Worksheet 12 and the overhead projector)
and then let the children complete the worksheet on their ~
~ " .owns ,The letters that correspond to each ordered pair should
be used to name the point as it is plotted, The completed
graph is on the next page,. . : .

rd

~

" After the children have completed the graph ask:’ .
WHERE WOULD THE POINTS REPRESENTING THE TALLEST

N CHILDREN BE LOCATED ON THE GRID? (To the right
since the numbers on the helght scale increase as they
go to the right,). ~ ' -

WHERE WOULD THE POINTS RERRESENTING THE SHORTEST

CHILDREN BE LOCATED? .(To the left.)

5 WHERE WOULD THE POINTS REPRESENTING THE HEAVIE'S'T
CHILDREN BE LOCATED? (Near the top since the numbers
on_..e weight scale increase as they go up.)

WHERE WOULD THE POINTS REPRESENTING THE' LIGHTEST
} . CHILDREN BE LOCATED? (Near the bottom,)
. . - y
Now ask the same questions that you asked when the children
had only the ordered pairs to look at: Who is the tallest? ° etc.
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Worksheet 12 (Answers)  Name.
Unit 26 A - ’
“ . 80F .
791 :
R 78 - :
" 77 |- : A4
76 1 +—— —-9——
75 ' i ) : - N
. 74 ' -
.73 ——{—1—-
72 :
70
A1) S e e e s
.69 —1 24—t

|. o ' ’68 ‘- ) * .
67
66. ——
65 p—t
64
63 . 4 : \
6l a. . )
60 —— ——t
59 ~ 1 : e e :
58 ——1— - : - -
ol =t ‘ _ .
" 56 k——1—1¢ ' . =
55. ‘ 4 '

Weight ih pounds.

]

e

. A ". A .

. R 45 2 )

. | T\ | .. S
36 45 46 47 48 4\50 ‘51 52 53 54 5556 57 58 59 60 616263 64 65

Height in 'inches

)

-

TR
J i




Ask the children to explain their answers. When you ask
- "Who is the biggest child?" they will see there is no child

e 'who is both tallest and heaviest. But the graph shows data

(in the upper right hand corner) for three ‘children who could

be called the biggest childréen, -Similarly those in the lower

left corner.would be the smallest children, ’ ,
From the graph the nchildren can, see that most of the points
fali rather .close together in the middle. You. can compare
the height and weight of any child with that of any other
“child by locating their points on the graph.. Emphasize the
value' of havmg a "picture of the information and relation-
ships. )

* v '

Any child who wants to can ~plot his height and weight on
the graph. The data come frqm an ac;ual third grade class.

o 2 "
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"MATERIALS ' S

’3
» > - >

‘ Lesson 6: PIOTTING TIME - DISTANCE DATA

, The lésson introduces plotting of time-distance data ‘dn -
coordinate system. Since time and distance are continuous ) ,
measures these points are connected by a line. The line
graph is used to.find how ‘far a runner went in a certain

. amount of time, or how Iong it took to run a certain number

, of feet. °

LIRS

» .

* overhead projector

'l'\'

transparencf/ of Worksheet 13 (made from student manuai)
— Worksheets 13, 14 and 1§ O

- ruler or other stralghtedge ' . . -

P REPgATION

A
)

Make a tranSparency of Worksheet 13 from the student manual.-
A full size copy of the worksheet with answers, appears’ in -
this manual for your use, _ - )

PROCEDURE - I N

The children discussed the meaning of speed in Lessen |, but
you may wish to discuss the concept again as an 1ntroduct10n
to plotting time-distdnce data. ' :

. HOW MANY OF YOU HAVE BICYGLES"‘ HOW FAST CAN YOU
RIDE? )

The children will probably\ describe _speed only in termgpof
fast and slew, though they can- pfobably ride their blcycles
. as slow as two miles per hour or as fast as 20 miles per hour,
,Ask about the speed of other means of transportation such as
T the horse (35 mi/hr), the.car (60-70 mi/hr), racing cars
(200 mi/hr); airplanes (small planes, 200 mi/hr; qommercial
)ets 600 mi/hr, air‘force jets, 2400 mi/hr; space craft,
- 25000 mi/hr), Help the children to order the vehicles they,
mentxon from slowest to fastest. :

\Nalkmg is probgbLy the slowest of any transportation. Walk-

ing speeds range. from two to four'miles per hour. Ask one’of
=
. D3 .

R - ~ i Y

%




L © the child nto demonstrate a brisk walk. Describe it as
' 7 about- fouilmiles per hour. Ask ‘the children what four miles
. per hour meéans. An acceptable answer is that ifsyou con-
- tinued to walk at that constant speed, in one hour. you wauld
. travel a distance of four miles. ~Emphasize the time-distance
relationship hen you refer to motion. When the children
- have a feeling for "four miles per hour," ask, .

. ) _ " help them. ?s.

' I hour | hour E | hpur . - lh?‘if
' T+t
l2 gwg 0 1L 12 13:14-15 16 17
A A )
\F - N A Vv , V.l
4 milés 4 miles P 4 miles . ‘4 miles

-

T~
|

(O;T’T

v
N L]
-
.

o Parallél number lines ca'n' also be used, Ch

' L0 : -2 3 K

/ ' - | : = |
’ Hours I - [ 7 . I

o L, .o . . \ .
. / o M T T T T T T T T 11 LT
N “ - 0 1 2 3 4 5 67 89~|0II|2|3 14 15 16 17 . .

. . o . R . A

«

-

M

Sugg,eét to the children that theyvrecord this mformation as -
,ordered pairs. 'Review ‘the jdea that order makes a difference '
in an ordered pair and that we.will use a time-distance ordered
. .pair. The first:number represents time and the second distance.
o - The class would then have these ordered pairs.“(l 4), (2,8),2

, (3,12), (4, |6) o ) , '

)

-

LS

Have the children turn to Works heet 13 as you place a trans= CF
parency of the worksheet on the overhead projector. prlain ’
_that since graphing gives a picture of relationships, we - S
-might be able to learn something about a motiqn of foun m;les '
. per hour if we plot the points representing the mot1on. 3

.9

s e
‘-:_'.




. Worksheet 13(Answers) |
-’ unit 25 - oo

. - o -

ame__ ' .
\ , . - .

. (d)'Rgdd distance (c) Fo low,horizontai 11he
.. . scale,- to|distance scale, SN
_— . L P - y

o

o

+
] Ny ®,; 0O

5

-

A 1

P3 . t

(b) Follow vertgcal llne-—

1 9y e 90, O

Do

1

i

4

S to graph

T~

i
P —

distance’{miles)

A/ i

\\

(aj Find 5 hour mark
on time scale.

| D

ol—lNl‘*’l""‘L‘”lml ~Ny ®, 0, o,

' %
™ 727374 °75' 67787971011 12" 13 1415 16

(hoursi

. ' D

. © T time




’ i After the children have plotted the points for four miles per
hour on ,thelr graphs (and you have the points plotted on the .
overhead transparency) ask for observafions and comments.

) One of the observations should be that one line could be
drawn that would contain all the points. This line would
‘pass thrbugh the origin (0, 0).

Have }‘he children draw in the line that contains all of th.e
points. This also provides a check to see "if they plotted the
order/ed pa1rs correctly. v

Explain that this line represents the time-distance relation-
ship/at four miles per hour. Since both time and distance are
continuous measures therg will be many ordered pairs (points)
tha{ represent four miles per hour, In fact, all the points on
the/ line represent this relationship :

Have the children use the graph to help flnd more ordered
pairs. Ask questions like the- follewmg L Y
! HOW FAR WOULD YOU TRAVEL IN FIVE HOU'RS'> (20 miles.)
Steps a through d on your copy of Worksheet 13 explaln
how to. determone the distance traveled in ﬁve hours

HOW LONG WOULD IT TAKE TO GO TEN MILES AT THIS ’
RATE? (2% hours.) SIX MILES? (I % hours.,) . e

HOW FAR WOULD YOU TRAVEL IN THREE AND ONE -HALF -~
‘HOURS? (14 mlles ) . N '

. Have the children do Worksheets 14 and 15,, These sheets \\
present word. problems and graphs involving. speeds of two -
and three\miles per hour, Worksheets Vlgith ‘answers appear
on the next page. | . .
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' Yorksheet 14 Name o ¥ & .
4 thit 28 -
s ‘ N .
’ A puppy walks 2 miles por hour. . .
. In | hour he walks é’._-nel. . ’ .
- In 2\ hours he ulni:nuel. .
In 7 hours he walks_fa _mfles. - = X € 3 s
o ) Thel brdered pair (4,8} means in _4 hours he walks . ’ .
) B miles. . . N -
! Complete these ordered Give some ordered . .
pairs. pairs of your own. R
< T 3
(1,2 L 4,8 TRLLE . g
t 2,4 (- N/s)] (7, .
) (3, 61 (9,060 - “
- i3
D
- A boy walks 3 miles per hour. SN . R
[ .
In 1 hour he walks miles.. - .
. In 2 hours hé walks miles. e .
Lot , In 3 hours He walke niles. : ) KN )
. * The ordered pair f4,12) means tn “4_ hours he .
walks 12 wmiles. .
’ . Complete these ordered Give some ordered .
pairs. . patirs of your own. .
. (1,30 . (4g2) | ot
(2,0 t 8,15 (7 a0
3,9 | g.an )
* @
. : ' Worksheet 15 Name -
\' ' nit 28 [
) ' - . “1 -+~ - - (D'Plot the ordered
: . @ LUl pairs for the puppy
. i . /. e - “-MM(_JM Worksheet 14,
o . . ] e e e e e
A N DY A @ Draw a streight
’ 171 RS S Itne that contains ."
g .. L IR AN all the potnts. .
. .l‘ 10} -0 +-n orff-am s+ . - i
. - : [ ) ]
- SN SUIPERNITPE
: o - e e a4
. ki AN :""'" e e B o . A e e .
. [ RN 2l W oo .
. R . . . spoXform e v e o gl o e e e
. i} « > e s - % "",“"'ﬂ"-'
. ~ Y W A U B I .
- g oo o N e Y R IR SR N
. ., R ASSE NN Ry CEOUE Y SEDE
. 0!2]!5 T8 910 0'1"f o o o s =
. . . 201 S Y AN
) Time ino‘.-i... ..
-3} . P .
\ 4 Q ' .: - o:f. — e s
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Lesson 7: INTERPRETING THE SLOPE OF A GRAPH . o

i
The children will plot linear data (constant speed data) and
interpret graphs as indicating faster or slower speeds than
other graphs. The-word "slope" and its meaning are introduced.

O

MATERIALS ' ’ '

— grid transparency (from Lesson 3\) and one blank transparency . T
¢ — Worksheets 16 and 17

S ~

- o

PROGEDURE ' “ .
Using a grid transparency and the overhead projector, draw
and label a two miles per hour line and a three miles per hour
- —line. Have the children turn to, Worksheset 16. Help them -
locate points for the two and three miles per hour lines. Re- oo
mind them that two miles per.hour means that in one hour you ‘
would travel two miles. The time-distance ordered pair (1, 2)
\ ‘... 1is on the two miles per hour line, Discuss the meaning of
other points on each line, When thé children have plotted
several points for. each :
line,  have them draw the , .
: lines starting from the ;::';';;“ v Name
origin (0\,\0) . Ask what
(0,0) means and why

.

Tr¢

each line starts there, :3 }\F '
(It means that in zero 6 oy
i . hours, zero miles have 15 St
been traveled, If no ’ 14 1 \\v‘
time has elap§ed, then 3 :2 %
no distance has been e Jhr
‘ " traveled.) P / e
o ' ) E 95
Draw the one mile per 2 7 -
hour 'line on your grid 7 4y
and ask the children ®
what one mile per hour : /
., means. (In one hour 3
you travel one mile.) 2
Dévelop ordered ! -
. I N s 916 1L 12 137

Time (hours)
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pairs for this line and have the children explain what each - -
means: (1,1), (2,2), (3,3). etc. Have the children plot

these on their grids and then draw in and label the one mile

per hour line. Show them how to indicate the units (miles

and hours). This is written miles/hour or ml/hr and read .

"miles per hour" or "miles in an hour." - ™

Ask the children to interpret these lines. What speed does.. -
each line represént? Which speed is faster -- one, two or

- three mlles per hour? How does the graph represent which

speed is faster? How is the line for the fastest speecj dif-
ferent from the other lines? ~

HAVE YOU EVER HEARD THE WORD "SLOPE"? WHAT DOElS
IT MEAN? CAN YOU USE IT IN A SENTENCE?

CAN YOU THINK ‘OF A SENTENCE USING BOTH THE WORD
"STEEP" AND "SLOPE" ?
This discussion should lead the children to the idea that-the
steepness of a line (or a hill) is the slope of that line (or.
hill). The children should be able to explain that the slope
of the line for a faster speed 1s steeper. . \

p

Ask the children to look at the one mile per hour line.

WHEN WE GO OVER ONE UNIT, HOW MANY UNITS UP DO
WE GO TO RETURN TO THE LINE? (Ome.) Show the path—
of over one and up one on your transparency. '

~ Ask the same with the two and three miles per hour lines, For

each line have the children pick several points and go over

and up until they return to the line. They will see that for the

three miles per hour line they go over one and up three from

any point to return to the line. They go over one and up two :
for the two miles per hour line, '

(The children will begin n_arning slope in Section 2., The
examination of slope as a cartain number of units up per

one unit over is meant ‘only a's an introduction to the idea of
slope and to a concrete method of determining which slope is
steeper,)

Lo
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On a blahk transparency
(one with no grid linés)
draw three different lines
starting at the origin.
s : Label the lines AB, CB N
£ = —-=--~ - 3Ad EB, but do not label
' ) - the speeds. B

Then ask: .

WHICH LINE REPRESENTS THE FASTEST SPEED? (AB.)
THE SLOWEST? (EB.) HOW CAN YOU TELL?

. Have the childrén complete Worksheet 17 by themselves.
) Check each child's work to see that no oné has confused
the length of a line with the slope or.steepness of that lin€.
3 if any children have made this mistake, draw some graphs
on the chalkboard to show that any line can bé extended
"made shorter without affecting the slope of that graph or ?he
speed the line represents,

Wworksheet 17 o Neme
L « Unit 25

i @ Line A _hss tné U@ Line

greatest slope. steepest s10pe.

. @ Nurber the lines from pra 3
. .. 1 to 5 starting with the ¢ L4
, line with the gresteat Z 5
' *%  (stecepest) slope. .
~ - 13y

>
A
@ which car is going -
llower?__éf -

Car A Car B

Distans

JERY @' These lines represent
- speeds of 4 mi/hr and 6 mi/hr.
which tine is steeper?

which l1ing shows the faster
speed? E

The 6 mi/hr line is llned.
The slower speed ls_Z_ml/hr.

aten.
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Lesson 8 RACES WITH DURATION TIMING

L

This lesson involves races for which data will be recorded
and plotted. Each cilild runs and the distance he covers in
five seconds is marked and recorded. Each team plots and
compares the distance covered by the fastesf't; the slowest
and a middle speed runngr. By comparing the steepness of
various team graphs, the class can determine who-was the
fastest runner. The children see that the slope of the graph
is steepest for the fastest runner. ~

MATERIALS - <

- space in the gymnasium or outdoors

. 2 pendulum assemblies (from Lesson 2) .

2 measuring strings (from -Lesson 2)
— 8 marking o_biects (rulers)
— recording sheets

— Worksheet I8

PROCEDURE
Activity A « ,
. Befére going fo the racing '
- area, review the racing
‘procedures from Lesson 2,
going ‘over the diagram to
. refresh the children's mem-
ories. Remind them that
two teams work together,
« one team officiating while
the other team runs. After
all 'the members of the

| first team have raced, they TR ; : .
serve as officials for the . .

other team., o ' ;

When the class is sure of the racing and recording procedurés, ’ |
take them to the racing area. Have the teams lay out the \ L
measuring strings, run the races and record each runner's :\ : ‘
distance traveled in five seconds. When the races are done,

have the children pick up the equipment and return to the i S
classroom. 6 i




. Activity B .

Ask éach child on each
team to prepare a.graph .
on Worksheet 18 showing
the distance traveled in
five seconds by three
members of his team: the
fastest, the slowest and
one other member, "All
members of thé same team
should agree on which
third member to plot. Each
" child on a'team plots the
points on his‘own graph.

Have the children draw a
line segment connecting

the origin of the graph

{0 seconds, 0 feet) with

the plotted -point for each
runner. (See the sample
graph below.) ‘

s

\Yorlahut 18
. \Rm-zs

Tean
(t\-tnt runner)

" Distance in

3 eeconde

(elowest runner)

feet
feet

tone, other runner)’

) teet

I -

g B & &

___Distarice (feet)

o 2 3 4
Time (eeconde)

i
i
|

5 6 -
{

1

4

o\ ~
i
|
i

35

30 =

25}

/ fas'test runner
.

\
|

i

20 — /

1

Distance (feet)

{
. slowest .runner
1
M . \

0 P2 3
Time (seconds)

47
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Ask each team to study the graph of its -three runners. You
may want to copy one, team's graph on the chalkboard. The.
line segment showing the time and distance of each runner
is called a "graph;" the complete grid with times and dis-
tances for these runners is also called a "graph." You should’
¢ make this distinction in the following discussion,

HOW"ARE THE GRAPHS (THE LINE SEGMENT FOR EACH '
RUNNER'S TIME AND DISTANCE) THE SAME? (Each shows
the dlstance a runner went in five seconds )

HOW ARE THE GRAPHS DIFFERENT" (Some have a Steeper
slope showing a faster speed )’ : :

Ask the- children to consider the -origin for each graph.
. . . . ~ . é
WHY DOES THE ORIGIN OF EACH GRAPH START AT 0,0%?
WHAT DOES 0,0 MEAN? (0, 0 means zero séconds and
zero feet. It means that when each runner was at the

starting line, no time has passed-and they had not run
any feet.)

Now ask the chlldren again how the graphs differ., (Some are

" stéeper than others., )

[ - -
DO THE SLOPES (STEEPNESS) OF THESE LINES TELL US
ANYTHING ABOUT THE SPEEDS OF THE RUNNERS? (The

steeper the slope, the faster the runner.)

IF WE SHOWED THIS GRAPH (the grid with three line seg- «
ments) TQ A STRANGER, COULD HE TELL WHO WAS THE
FASTEST RUNNER? (Yes.) HOW COULD HE TELL? (The .
fastest runner is the.-one who ran farthest in five seconds.
The graph of his speed has the steepest slope ) ,
Have the class discuss and compare the graph of each team
(the four grids, each with the times and distances of three
runners). The following questlons may be helpful in gulding
, the dlscussmn.

¢

WHO IS THE FASTEST RUNNER IN THE WHOLE CLASS?-

4
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It is difficult to determine the fas: st runner in the class
—— 7" when the-data. for the fastest of each team is plotted on a
_separate grid, Lead-the children to suggest plotting the
—.——"7 " data for the fastest of each team on one ‘grid if they cannot - -
tell by looking at th(= separate graphs.
© LI
. ) ‘ . “WHO IS THE SLOWEST RUNNLZR? Avoid this 1f you feel the -
. : ‘ slowest runner ‘would be embarrassed

Wf’lO IS THE FASTEST BQY? THE FASTEST GIRL?. .THE ‘
'SECOND FASTEST? . Lo

After this discussion the chlldren should be able to read a

graph and to interpret the slope of a graph as indicating a .

faster or slower speed than another graph ! *
) Each child should plot the data for his. time and distance on *

Worksheet 18 if he was not one of the chlldren whose data

" were plotted “for the class discussion.

Have the children save Worksheet 18 for comparLson with
data obtained in thenext lesson.
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- . Lesson 9: RACES WITH INTERVAL TII\/II&@ ) £
T . . The position of each runner at counts Wi, 2", "3",-"4", and *
“s" is marked, recorded and plotted.\ This graph should be
an approxrmately straight line, Each thild compares his new
graph with the graph of his race in Lesson 8. Thé two graphs
will be similar. The children should begin to realize that the
graph of a constant speed is a line with a constant slope -~ -
., a straight line. '

£y
~ MATE RIALS

— space in the gymnasrum or outdoors
— 2 pendulums

— 2 measuring strings

~ 10 marking objects (rulers)

- record sheets . " ' \ .

Worksheet 18 (from the previous-«lesson)—'and Worksheet 19

Y, : .
' PROCEDURE : ¢

P Activity A ’ . ’ . ) A . \

~

’

Before going to the racmg area discuss the procedures fo
the race, There will be five judges, ong each to mark the b ) Y.
, runher*s distance ‘at one, two, three,, four and five secorgs. "
C . Only one child runs at a time. The children on Team A should
¢ line up behind the startrng line. *Five children from Team B
will be positioned along the track as judges. The timer, | \
starter and recorder will carry out therr jabs as in previous
v races. When the timer calls 'zero", the startér lowers his \
. arm and the first runner starts. When the timer calls out.
- “one", the first Judge along the track marks the position of
_ N the toe of the runner's front foot, At “two", the second
. ¢ - judge marks the runner and so on, Y
. o When the, runhet is dene, the recorder records the. positlon '
at each count, He will need a record sheet like the one on

« the next page.
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- T  Activit/ B

Distance ffeet)

b

X .. Yorksheet 19
. cotnte s ¥

v

[ ' dave the recorder-give sach
. ; ** child his data for the race.
. - 'Then each child plots the

‘ . data on Worksheet 19, At

) : . . the chalkboard, plot one

) runner's data and discuss
) . . with tl'@ class how a-line .

.. ,” segment can be drawn which

“ s “"“j‘ b ‘ approximates all the pomts

+  plotted. (See the sample

e

" graph below,) Have each
child draw such a line.

T -y ab

.
/
W
O
L3
\

2 3, 4 5, 6

Time (seconds)

*

S

O

Distance (feet)
[V
oO-
~

P

LRI

%
——

(e

B P R T R :
: “_ : Time (seconds) K‘

[} L

Have theshlldren study the data on Worksheet 19, Most -
chlldren s graphs will show a nearly constant speed., The

._pomts representing the djstance at each second all fall close
to the line gegment " Ask thé children why the points are- near .

(or on) the line and what this means. (It means the child ran
at about a constant speed. HlS speed did not, change much ) ¢

COU DA RUNNER KEEP:UP THIS CONSTANT SPEED FOR,
AN HOS@2 * (No,’ he would get tired.) WHAT WOULD :
HAPPEN TO HIS SREED? ' (It would get less because he .
would slow dé\:vn.) ) N S

'IF A RUNNER SLOWED DOWN, WHAT WOULD HAPPEN TO
HIS GRAPH? WHAT WOULD IT LOOK LIKE? (The slope of

- - N \
. . . /
.
.

*

&
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v the graph would change. ‘It would become less steep.
- The graph would not be a straight hne ) V/
Ask the children toé;ompare the"data they plotted for tﬁe f1rst
: . race (Worksheet 18) and ‘that for the second race (Worksheet
© 19), For many children, the slope of. each line was similar,
* For some ‘children the data differed because they ran faster
" or slower in one race than indhe other.

* COULD WE PLOT THE POINTE FROM THE FIRST RACE
(Worksheet 18) ONTO THE GRAPH OF JHE SECOND RACE
(Worksheet 19)2. . <

Have each Chlld transfer h1s dlstance at five® seconds from

Worksheet 18 !onto Worksheet 19; . He should draw'a line
from this pom% to the origin (0,0). Have the children put-
away Worksheet '18 and look at Worksheet 19 ' .
‘ DID ANYONE RUN FASTER IN THE SECQND RACE THAN
-HE DID IN THE FIRST-O\_..N .

. DID ANYONE COVER LESS DISTANCE IN FIVE SECONDS _‘
.- ~ IN THB SECOND RACE THAN HE DID IN THE FIRST RACE? .

ARE THERE ANY RI:INNERS WHOQ RAN ABOUT THE SAME DIS—_
. TANCE IN FIVE SECONDS IN THE SECOND RACE AS IN THE
FIRST RACE? - IF SO, WHAT DO YOU NOTICE ABOUT THE
oo WO LINES" (They are similar.) <

. HOW ARE THE _DATA DIFFERENT FOR THESE RACES % T
‘ (For the ifirst race we plotted only two points. T the origin
. .and the distance at five sectnds. For the second race we
o plotted six points -- the origin and the data at each of
) five scconds ) ¢ i

.
. .
| .
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! N
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. Lessoh 10: NON-CONSTANT SPEEDS

Y . InLesson 9 a question was raised about the graph of a race
° -/ in which the speed changed. In this lesson the children
. will plot and interpret data for runners who change speed.

- They will see that the plot of a race in which the speed.
changéd significantly will not be a straight line and that an
increase in speed is indicated by an increase in slope. | .

MATERIALS

- space in'gymnasium or outdoors N

- 2 pendulums S
-2 méasurir‘\g ftrings .
- maskipg tabe

\
\

= 12 :ulérs ’ . \
< recording sheets’ |
~— pencils

— Worksheet 20

PROCEDURE N
‘Review what the children found when they compared the
« grap.us from their first two races, They were running at
constant speeds, so the'graph of the time-distance re!ation
was always a straight line. This relation between const=nt
- sp‘eed and straight line graphs should be stressed.

" " Explain that the class is going to run races today in which
J" s ™ they will change their speeds. Remind them of the discus-
sion of the child who might get tired after running for an
. hour and slow his speed. How would his graph change?
(The siope for the faster speed would be steeper than the
slope-for his slower spey d.)

A\ simple way. to change speed during a race is to hop for
three counts and then run for the next three. Have a few
children sketch their ideas of what a graph of this race
would look like. A sample graph appeats on the next page.

S 69 -
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Distance (feet)

(an]
—
5
w

4 5 6 7 7
Time (seconds)

. The procedure for this race is a modi-fiq’ation of the one used-
) ) : in Lesson 9. There are six judges, each marking the runner's
position for onie of the counts from one through six. The
runner starts out hopping and changes7to running when the

. timer calls "three." There-is a 'Second starter positioned .
’ near judge three who lowers his arm gt "three" to remind the
N runner to run ! o O
. - .

*oo

Bl

ERIC. e | B

Aruitoxt provided by Eic:




ERIC

Aruitoxt provided by Eic:

After the races, the recorder should read off each child's
data. - Each child should plot his own data_on Worksheet
20. Then discuss the race, the graphs, and the relation
between the change in speed and the change in slope on
the graphs.

.

Worhsheet 20
tnit 25 .

NAwe e

50

45 -

(feet)

Distance
1
1
i
H
!
1
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15 —

~

Time tseconds)
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PURPOSE

’ - To introduc'tg the idea of naming slope,
— To develop an understanding of constant speed represented by a
straight line graph. : :

&,

— To develop the idea of slope as an en@odiment of multiplication,

— To provide practice in wltiplying using graphs of different
slopes.
| A

COMMEN%I‘A‘RY .

b . .o
In L&sson |1 the children race toy cars and graph the data on grids,
By examining the slope of each graph, they can answer questions
such as: "Which car went fastest in trial 1?", "Did the same car '
go fastest in each trial? ", and "Can we tell which car went the great-
est distance in five seconds in any of the trials? "

Lesson 12 introduces the children to naming the slope of a line as a
number of units up per a number of units over on a grid. The children
draw lines that represent given slopes and also name the slopes of
lines that are given on grids.

i et =
<, .‘u




In Lesson 13 the children discover that any line on a grid can have
infinitely many names for its slope. Games and worksheets give
practice in finding many different names for the same slope, It is .
usually easiest to name slope as a whole number of units up per

one unit over, although some slopes are more easily named as a

whole number of units up per two or three units’over.

3
! A . - al

In Lesson 14, the children race their cars again', marking the

position of the car at each of five seconds. They graph the data_

and name the slope. They discuss the fact that when a car goes

the.same distance during each second of a raqé, it is traveling at

.a constant speed, The children examine their.graphs and see that
- a graph of'a constant speed is a straight line,

ERIC - . - .

Aruitoxt provided by Eic:
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In Lesson 15 the chlldren modify the1r cars to. slow them down and
then compare the speeds of the; mod1f1ed and unmodified cars. The
chlldgen find that in both races ‘the car went at a constant speed
(the graphs are straight: lmes) and-that the unmodified car always
went faster (1ts graph always has the steeper slope).

< -
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In Lesson 16 the chil- , ,
dren see that slope is 2
related to multiplica- Slope <
tion. They find that
they can use a line
with slepe two per one,
for example, to multi-
ply by two, The pro-
duct of three times two - N
can be iound by start- .
ing at three on the hori- -
zontal axis, moving up

_to the line, and moving
across to the vertical
axis. The number there 0 I-2(3)4 56 7
is the product, six. : . o

o T |32
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The children get a "multlpllcatlom machme" in Lesson |7 which
they.can use to multiply integers up:to ten times nine. This ma-
chine is a grid-and lifies with slopes ranging from one per one
through nine per one. The children complete several worksheets
using the machine. The lesson includes two optional activities
using this machine. One optional activity involves multiplymg
mlxed‘numbers and the oth\er involves division of whole numbers.
% - e
In Lesson 18, the chlldren race their cars on circular tracks. In
previous lessons to find which car went fastest they determined
which went the greatest distance in a fixéd amount of time. Since

,the circular tragk is a fixed distance, the time durations will vary.

In order to compare the speed of different cars, the children must
determme the amount of time it tak,es the car to complete one rev-
olutlon. The children race their cars modified and: unmodiﬁed and .

observe the effects of turning the cars'.-front wheels in or out,

Mo _




In Lesson 19 the children pi;edic‘t the amount of time it will take
their cars to travel a fixed distance and test their.predictions. ‘Some
chlldren may'realize that if their car went 20 feet in five seconds in.
. previous races, it will-take about six seconds to go 25 feet since 1t
travels at four feet per second. By looking at the accuracy of the
children's predlctlons and the discussions of the results . you should
be able to evaluate somewhat how well the children understand the
relation between ‘time and distance and the concept of speed.
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In Section 2 several lessons involve car races. The purposes of .
.‘the.car races are: 1) to teach children exper1mental procedures,
.2) to generate data for lessons in which the children learn to draw
and name slopes of lines, 3) to help children perfect their data-
gathering methods. . Cars are used to provide a fun way of gathering
slope data. Therefore, the type or speed of the cars does not
‘ really matter. The instructions for racing procedures gnfen in the
lessons refer to one.kind of car, but these can eagily be modified* .
to fit whatever car your class is using. For schools that do not
get the OMSI kit, and for teachers who would like the childrento . -
work in smaller groups, we suggest you ask ch11dreh to bring any

battery operated car they may have. oot .
, M««*"‘""’“ .
‘ mov,wpos*e 5ot the guide strihg discussed in ) the racing procedures
———"""5 to help the dar run in a straight line, The car p1ctured in the
=7 o lessons accomodates toothpicks. The string goes ‘ver the car, be-

tween the toothpicks. There are other ways of using the guide string:
¢
1. \"ake a maskmg tape loop w1th two p1eces of maskmg tape.
One piece should be an inch longer than the other. Put sticky
. ) " sides together, leaving a half-inch of the sticky side at ea’*h
* énd so that it will stick to the car. The guide string can run , -
over the car and through, the loop. ' <

R - .
- B - .
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2. Run the car over the guide
ﬁring. If you have a large
car, use yarn or clothes
line rope for the guide string.

. Such a guide string will keep
the car running in a straight
line.

In the lesSons, the-cars are modified by replacing one of the

7 batteries with a worn-down”battery br a two-inch paper clip.:

If your car can not be adapted to these methods, you could
tape weights to the car or tie s'omething on that will drag
behind. Before the children use their modified cars for the
lesson, have them time the cars to be sure that they have

"been slowed down significantly. .

If yodr racing space is limited, you can change the duration
of the races or the distance that the cars run.

-
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. " Lesson Ll: CAR TIME TRIALS
: o In this lesson the children use the procedures they developed

during. the foot races to time cars. Each team runs a car for
' - . five seconds"in three different races, /Jnd records the dis-
—— tances it travels. Then they graph the various races of all’
teams and compare the data, aski‘ﬁg'sghich car went slowest,
fastest and 'so on, R : T
. N ‘ .
_— - 'MATERIALS
N . ~-- for €ach team --

- L.

o

{

—. racing space,
— car - I, . . .
— 2 size AA penlight batteries, lii\ volt
C— 2 toothpicks
— guide string (30 feet) - - N %
- - méashring_string (fromprevious lessons)
— pendulum (from previous lés'sons) I ) ;

— object to mark position of car (erés er or ruler) s

“‘ ’ .« & *
\ — ruler (to measure distafce of car) .
* - o
— record sheet .- ; ’ ‘ ‘
i | /
‘\ . = chair B
X »

. B o . ——ifor each child --

o

E TC l © N .. . ,
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PREPARATION D : . a \
) Each team needs a space abdut f1ve fee,t wide and thirty :eet
T, ~. _long. The best place to run‘ the races is'in the gymnasium,
' "~ Dbut if you can. move thé desks in your ¢lassroom, _the races
. ” cancbe held there, C'I;?e/measurmg 'string need not be taped
down ‘past ‘the 30-fo ark, If your classroom is tog ‘short
. to allowthe cars to run for five seconds you may run the
. \ ¢ar rapes for only four seconds

- " To put the batteries in the car, place them so that the posi- E
| ‘tlve .ends (tops) are at the head of the arrows ;,on the car floor.
'Tape them to the car chassis with the maskmg tape to make
sure they stay in place. Toothpick's should be inserted in the .
.' - two-holes at the front of the car. - The switch’for the motor is
.Aundemeath the car behind the .front wheels. Be sure the
wheels are not touchmg any, surface when the motor‘ goes on.

0

, o . Top View '

battery ’
' (positive end)

. holes
. for
toothpic}_cs

."Motor

" battery
(positive end)

y &
- . AN . ) '

.

Wairn the chlld}en not’ to push down on {he car orrhold-
the wheels when the motor is ‘on or'the /moqor will burn
out. If the car motor stops working, yo ol-may be able

. |l to fix it by gently spinning‘the back wheels while the
motor is ons Warn the children each time they use the
cars that they must'not push down on the car or hold

.| the back wheels when it.is in motion, The motor snaps | ‘
_ : into the back end,of the car. - If it should, fall out when' | .
° S _{-the children are u&&ng the cars, s1mply put it back in, . .
- ‘ plate. . 67 - .'
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. » '1.‘ . ‘
? 3\ L L . v
" Gut four guide strings, each about 30 feet long. Each car
\ o . ' runs unde' a guide string, which is taped to the floor. 7"
e strmg runs over the car and between the toothpicks.
T PROGEDURE ' L
' N\ . : * ‘ .

- / Actflvny A® ' o
‘ ’ L Explain the procedures before begmmng the races.

. X
Vs . 4 . " r . ¢
1. Each team needs this equipment; * one measuring string,
one guide string, one pendulum assembly, one ¢hair, e
' masking ta'pe, one car, two batteries, two toothpicks, -
. one marking. object a ruler, arecording sheet and a pen- . Y
x. © cil, Each team chooses a name and labels its car with =
. " an 1dent1fy1ng mark, The same children must work together

and w1th the same car in all car races

- -2, The ‘chigdren tape the measurmg string at both ends to the . ‘

- e floor, The guide string should be taped parailel to the meas-
uring string and about gix inches from it. Each end should

.- - be held down firmly with several pieces of tape... Thé gu1de

. Y S el string should extend at least a,foot behind the\startmg lm )

' Co © S0 that the car can be placed underneath it, s .

“

N

3. A judge witha markmg object shoulc! be statloned along ) \
the measuring strmg at approximately the distance the/ ’ ‘

f" . car will guv in five- seconds. The children might want ﬂo .
. make a trial run ¢ determine where the judge should / .

stand, or the judge tcan follow the car along the track SO

he will be with it after five seconds. ; .
4, A car catcher should be stat1oned at the end of the gulde - -
. . string. He will lift the car off the floor when it runs to
e the end of the string, turn the motor off, and return the! RS
car to the starter. (Warn him not té push down on the Car' AT
when the motor i{s running.).

4‘
|
\
{
\
,\\ . ‘ .-‘ ‘
4
|
|
i

) ‘ Timer Tudge
* i . .
: el Q fipl I3l " B C Lo
- ‘Starter : i : v -+
o L:uide String Q,C.atcher
1o < . .
e ‘ Recorder ) . R
/ . . .. \ - . .
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%0 prepare-the car for the race, have the starter» check to
. 3' '

. _ see thgt the frorit wheels are straight. He turns on the'
. o . : » motor,/ Then he gently lifts the guide strmg and puts the -
t,

car urjder it so that the string runs over the car and be-
. - tween the toothpicks. The stafter moves the car up the
a ) . ) string until the front wheels are even with the izero mark

of the measuring string. He lifts the back wh%els SO that
c = they are not touchmg the floor.

N

. ; The timer begins the, co}intdown ("“two, one; zero, one...").

. When the starter hears "zero, " he puts the rear wheels of the
. = ) car on the floer &nd lets tl‘xe car ga. When the timer- calis
) - “five, " the judge marks thefront of the car with his marking
- . .object. The car runs to the gnd of the guide 'string wher# it
* - will stop. Have the catcher {"\”eturn it to the starter.” Remind
¥ . . - him not to push down on the cals when the mo“cof,ls on. He

should pick up the car,. turn off{t)he totor, -and carry it back
to the starter.

B .

.9
3,

*

A
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[ ,/ 7\ The recorder notes the position of the marking object to
% - | the nearest inch by finding the nearest half-foot on the

J/ | measuring string, then measyring the intervening inches

\ with a ruler. He records this\datum in the correct place .
| on a record sheet the class has developed. It mlght
/ \ look like this:

Distance car traveled
in 5 seconds

')!l‘riél I ‘ \\

!!Trial 2 \ s

/Trlal‘3 \ )

Help the children set up their equipment' Have each team
run three trials and record4 the datum for eachl, Remind the
» . chxgdren to exchange JObS for each trial so thét every child

team can p,art1c1pate, When the trials are finished,"
. gather up the equipment and return to the classroom for a
dis¢ussion of the results,

Activity B

v . Let the members of each team discuss their data and decide
how far the car went in the fastest trial. (Hav‘ them turn
ahead in their student mgnuals to Worksheet 32|and record
this distance in the box marked "Unmodified. " They will use
o this data in Lesson IS.)V Theyr should decide if any differences
P .' in the data for the three trials were caused by the movement
¢ of the car br were due t¢ inaccuracies in measurement.

‘ " Have eachk’eam divide into three subgroups: 1,|2 and 3.

Each subgroup plots the data for one of the time frials their
team'ran (1, 2 or 3 respectively) on Worksheet 2|, drawing
a line connecting the origin and the five-second point, Then
each subgroup exchanges data with the corresponding subgroup

+
=2




Worksheet 21,

7
s

of every othexz team. This data should also be graphed on

For example, trial #1 group will graph time

trial #1 for each car.

. 1
%orksheet 21 Nave. e
Unit 25
Unmodified Car
at 8 seconds
i\ 30
CTetal IE__
' Distance
Team Name in
5 25
Seconds
R
K o
20 .
-~ 15 N
é b
" L=
- o L
'~ - g
= 10
“ . *
- a
5 ¢
<
0 > ’
[v] 1 2 3 4 5 6 N
v 1 & .
- “ Time (seconds) -
<

t

Have the 'c‘bildren in corresponding trial gf'oup‘s sit tgge;her
while you lead a discussion of‘*such questions as:

ARE ALL THE

GRAPHS FOR TRIAL | THE smvm9 (No.) Re-

peat the question for trials 2 and 3.

3

HOW CAN YOU TELL WHICH CAR WENT FAST‘EST IN ;I‘RIAL

1? IN TRIAL
-orr' the chart,

2?7 TRIAL 3? (By looking at the distances
or at the slopes of the lines on the grid

The graph for the fastest car has the steepest slope. )

“ %o
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‘ CAN WE LIST THE F‘CUR CARS N ORDER BY THLIR SPEEDS’
FCR EACH TRIAL?

Have eaoch trial group rank the cars | through 4 (fastest to
. slowest) on the chart on Worksheet 21,

Have the children from the appropriate trial group dispiay
their graohs as you askethe followmg questlons. .

WHICH CAR WENT SLOWEST IN EACH TRIAL? . (In trial 1,
the Red Baron car went.slowest, etc.). " )
. s ° - ’
DID ANY TWQO CARS GO AT ABOUT THE SAME SPEED IN . .
TRIAL 12 22 32 .o
< ' WHICH TEAM'SQCAR WENT EASTEST IN THE FIRST TRIAL?
IN THE SECOND? IN THE THIRD?"

DID THE SAME CAR GO THE FASTEST IN EACH TRIAL?

) ‘ DO WE HAVE ACAR WHICH WE CAN CALL THE FASTEST"
> (Yes, if one car ran fastest in two adlut of three trials.)

CAN WE TELL WHICH CAR RAN THE GREATEéT DISTANCE”

‘ ~ IN'FIVE SECONDS IN ANY OF THE THREE TRIALS? (Yes, . ‘
the one that went fastest covered the greatest distance.)

L




Lesson 12:

INTRODUCTION T® THE NAMING OF SLOPE

o

In this lesson the children begin naming slopes of lipes.
Slope is named as the number of units up per the number of
'units over on the grid. The easiest way to determine the slope
of a line is to start at any point on the line that is at an inter-
. section of the grid, and move over one square and up as many
squares as necessary to return to the line. Although slope

names are read "three up per one over" or

“three per one,"

are written like fractions, 3 (up) .
° . I (over)

they

This particular slope name could be reduced to an integer (3),

but we will retain the fractional form to emphasize the up per

over meaning of the name.

In the diagram below, the slope

of the line 45 three up per one over. At any point on that line,
. the steepnessancreases by three units up per one unit over to

return to the line. N
) )
A\ - ) .
- |/% 3 up per one over
- /13 up per one over
‘ \/X/ o
1/ 3 up per one over
- .~ >: ’
¢
A 3
L, I

k]

MATERIALS °

/
- overhead projector

— grid transpdrency

— Workshegts 22-27
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1 ) ‘
) Agtivity A _
H a
i In previous lessons the children talked about their idea of

the meaning of slope and steepness but’ they may need to ) ',

review these ideas again. A discussion of the children's ’
practical experience with slope may help develop the mathe-
! matical idea of Slope and the naming of slope. ’

Begin by asking the children if they have ever run or ridden a

' bicycle up a hill and how they felt once they reached the top.

5 - Are sometritlsharder té go up than others? How do you know

R .o they are harder? Do you get more tired? Why do you get
‘ - mpre tired going up some hills than others?

A These questions should lead into a discussion of steepness
’ and slape. Encourage the children to mention things other

than hills that have slope roofs, playground slides, etc.
On a chalkbeard gr1d or grid transparency on the overhead
projector, draw two lines, AB (slope four per one) and CD
(slope one per one). Do not label the slopes, but mark the
grid intersections that each line passes through. Ask-the
children which line has the steeper slope.

‘A

@]
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®o

" to line AB, you may spell out the details:

! ) *

“The children will probably say that line AB is’ steeper than line
‘CD. Ask them if they can assign a number to the steepness of

each line. Encourage suggest{ons. 1f no one has any ideas,
have a child start at a grid intersection that line CD passes
through, move one step-(one uni%&to the right, and then take
one step back to the'line. Have him do this starting at another
grid intersection that line CD passes through. Then have him
move one unit to the right from different points on line AB, each
time moving up as many units as pecessary to return to the line,
Ask what the children notice about these ‘walks. After you have
elicited the observation that it takes more steps up to get back
"If you take one step
to the right of line AB, the line with-the steepei slope, it takes
four steps up to get back to the line. After you have gone-one
step to the right of line CD, the line whose sl’ope\{s less steep,
it takes just one stepeup to get back to the line." As you say

*this,; trace the appropriate paths with_ a pointer. \

e

Ask the children whether or not they can use these rela't’i\o\nships
to assign a ‘number to the. steepness of thelines AB and CD, «»
Develop the idea that the steeper the slope of & line, the graater
the number of units (or steps) one must go up to .fet'urp to the
line for each step tdk®n to the right. The children should see
that they can compare the slopes of different lines by deter-
mining the number of steps needed to return to the line for each -
step taken to the right. .

- 4
Explain that we can name the slope of a line by the foliowing’ﬂ‘?/c'
method: ’ : . -

number of units to get back up to the line h up
- - - or ——
number of units over tothe right- - over

s

slope =

.

For example., on line AB, if you také one step to the right
you must take four steps up to get back to the line. So the

s 4 : " "
s lope is T -This sihould be read as "four up per one over.
For line CD, if you take one step to the right you must take
one step up to get back to 'ghe line. So the slope is T (one
up per one over).

L4 -




Start at several places on each l_iné to show that the slopes
will be the same no matter where you scart your walks. Re-
mind the children that it is. easiest to determine slope if they
start at a grid intersection the liné passes through.

-

. Worksheet 22

tnit 25

which line has the greater slope, X2 or@

¢ Mark the paths you used to find your answer.

I
L]
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I et
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e
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Have the

children com-

plete Worksheet 22.

Ask them
the s.lope

to describe
.of line XZ.

Have a child demon-

strate on

the chalkboard

hcw he determined his

answer.

way is to start at a point
on a line

The easiest

that falls on a

. grid intersection and
ok ‘ . . count over and up. Tell
L the children they can
start at'any gnd inter-
section the line passes
] : " through. Mark another s
point, and ask if some-
onec~could find the slope
from that point. Ask if
. the slope would he the
< - ] : same from any point on
‘ the line and have the
1 pupils measure the slope
_ from several points on

line XZ on their'papers.
The slope is two up per
one.over.

1

P

Then ask how many units they needed to go up to return to line
YW on their worksheets when they had taken one step to the
right. Tell them we would ‘say that this line has a slope of
five up per one over, because we have to go five units up to
return to the line after having gone one unit to the right from
the line, :

Have the children complete Worksheets 23 through 26 as a
class or individually, If the symbol for "line" (€>) is un-
familiar to the children, ‘explain it using Worksheet 25, ;;




NOTE: Watch to see if.any children are confusing the idea
of an ordered pair with the idea of naming slope. An ordered
. pair, such as (1,3) indicates a location.— one pQint on a
i graph. A name for a slope, such as three per one, describes
the steepness of a line. At any point on that line, the name
of the slope is three per one., The children know that the
first numeral of an ordered pair rfefers to,the over axis and .
the second to the up axis. For a slope name, the top numeral.
. tells how many units to go up and the bottom numeral tells
how many to go over. You should make explicit the distinction
between an ordered pair and a slope name only if the children

\ " are confused.
- v Be sﬁre the children do rot read ’%, for example, as three
T R ‘over per ene up. Emphasize that the name is always read: .

— upper—__ over." - - — e

o

. . ( 4 . .
-
Yorksheet 23 Name r’,;‘l"t":;“ 24 Neme .
Unit 25 >
. Sue marked the slope of each 1ine below, but she
Color lines with the same siope the same color. . does not know If she is right. Check them for her,
» ey o prmr o e emyh fom st
Cpe g e ey b "A.....Q[' and correct the ones that sre wrong.
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. Yorksheet 25° Name i Worksheet 26 . Nawe
’ " tnit s . — Unit 25 .
¢ .
The slope of 1ine AE fe + bacauss when [ soved Mark paths to find the slopes of these 1fnes.
one )it Gvar 1 had to go_l_unit(s) p to retum * Fill in "slope = " next to sach line.

to the lln'.

» llopo of F ln_a'__.bouuu when | mcved one
unit over, ! had to (oJ.._.unlt(-) up to re urn:
to the'line. . é

The slope of line CG 1-__&'_._. N ‘ ‘.

The slope of Ef 1-__1_'L .

Activity B . .ot c i T
In the previous activity the children named the slopes of
lings. In this activity they draw lines of given slopes.

3 - ‘ v Il

meoﬁstrate for the children how-to draw a line with a‘given T,
. . slope, for example, ¥ . .
. Choose any grid intersection Ll
(point A). _
. 2. Count over one space ‘(t}h\e bottom 1 [C :
]
. p 3 1 aumeral of the slope name). - 7’ - N
i . 3. Go up,three spaces (the top 1B '
@ .. numeral of the slope name). .
. » 4. Repeat these steps from point « / N
B to arrive at point C. ’
; 5. Draw a line connectiﬁg the ' A |
. . : plotted points. - |
> ) i
s :
- - R - -
|
78 ‘ |
,. .
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-On the chalkboard grid or a grid transparency, have several - -

children draw lines of given slopes. Have these volunteers
explain the steps in drawing a line of a given s'lcpe through
a given point. Let enough, children draw lines of given slores

‘until the class understands how to do it.

Have the students complete Worksheet 27 and as many oth?a:
examples as needed until all children can !) name the slope
of a given line, and 2) draw a line of a given slope. If the
children need more practice have them draw the lines on one
of the blan{< grids in the back of the student manua’l. \ .

D . x!’ .
. . ‘:‘“
o
T Ol * o~
, 3 . 3
. .
\
" VWorksheet 27 Name -
tnit 25 * )
B o < ;
Draw lines with these slopes on the grid. S
N .
L el op L g €
i mi o} ®7F
- T Now draw line FG with any s jope you want. Have -
@ {rlend pame the_ slope of Name the slope '
« of his EG. ° D
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"Lesson 13:

[ v’

]

MORE WORK WITH NAMING SLOPE SR L

/ — o~

. In the previous ,esson the-children named slope as a wholé - o ,
number of units jup per one unit over. Now they will learn  °*

o that slope can be named as a whole number/ of units up per ' . o

* any whole .number of units.over, and that there are an infinite ' ,

number of names for the same slope. S‘x per two, hine per i

three, and twelve per f.our are other nanes for a slope of ‘

three per one. I,, :

L4
. !

There are other;slopes . such as five per two, that when re~
duced\to units up per one unjt over result in a‘fractional num-
. ber of umts up (two and one- half/up per one over, in this ° e
¢ case). The children are given examples of thls type, but are. ‘ )
‘ . not asked to reduce them to uhits up per one over. ~

MATERIALS - - © . ‘ ~ P

— ‘overhead pro;eitor . . ’ . /
- grid transparency o

— Worksheets 28230 . o /
- '\ )

_ A crana——— -

"' PROGEDURE / 7 ' L

Actluty A \\ i -,
Using a chalkboard grid or grid transparency show the chil-
dren how tc name several lines as a certain number of umts
up per two units over., Also ask several children to. draw

5 ' lines whose- slopes are named'as so many units_up per ‘two

over: Emphasize that slope i$ not'always named as A certain °
number up per one over and that the same procedureé are fol-

. lowed no matter how many units over we go. For exampie,

' three per one could be named six per two. ‘

v ‘ ¢
\ . ‘

Erase the lines drawn on the grid. Puta point on the.grid
"anywhere excépt at 6 0 and explain that a line on a grid

- \
Activity B~ \, : - g
Tell the children that they are gomg :

can start ahywhere.

-to-draw lines, that must pass through this pomt
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.. Ask a Chlld to draw a lme with a slope of three per one fthrough'
. the point. The. other children should watch carefully.to'sée * .
t Ahas . done it correctly. "Leave'this line onthe grid. Ask’
.anothedlchild 46 draw ‘a line with a\slo:SQ six per two that also C
. passes through’the point. He will fﬁscover that h.1s line is the 2
same as the.line the first child drew. Have him draw h,1s line o
anyhow, on top of the first line. Ask other volunteers o draw

* '« lines with-the slopes nine per three, twelve per four .and ,," I
fifteefl per five, all passing through the .point. Each child’:-,
will see that his line is the same as he other chlldren s line, b ‘L.
\g -
o ‘\ N
. "Ask .the class, why ail these lmes fell ip the same place. Lead R "

them to see that there are many-names for the same slope. For

each name, the slope of the line does not change. Stress the + . .
" fact that the children could use many dififerent names for the, '

' same slope, but that it is usually easieslt to use a certam name,

" .' such  gs three per one m -this example. L0 . /
‘i Q e // { i ) . . ’ . /:
Ona fresh grid, ask a- “Chlld to draw a line with the slope two ' /
. per one through a ‘given pomt Ask other %hlldren to draw lines !
with the slope-four per two, Six pet three,|and eight per four - _ e
' through this same point. The children w1ll\ see that these are . /
. Hferent names for the same line. , /
h “ N r/
Activity C:\ Name Game L - . C

Have t‘heachildr'en turn to Worksheet 28, \The graph on this.
page shows line AB with a slope of two per one and lme OP F
with a Slope qf one per one. Do not tell the chlldren these /
.slopes. Explain that the class is .going to play a game; - ' /
‘giving different names for the slopeg of line IAB on the worl;~ J .
sheet . \ | : ’

Qv | . . Ve 3§

o

[
D1v1de the children into two teams. Choose a scorekeeper ;
who will. write.down each correct resporise un the column og N
the team that gave it, Have him make a 7qoresheet One/ v ‘
. child on team | oegms \by giving a siop name for lire AB; o
He might say "two per one." The children on team’ 2 decide: .
“whether. or not, this is correct. If the ngme|is correct, the
scorekeeper writes the name oyt the Scoresheet under the team
! column. The children on boilh teams ghould indicate/on
their worksheets that this name has been chosen. Then a

‘ child ‘'on team 2 givues a hame. He might say "four per two, " ‘. )
The scorekeeper records the response. 1\ , i -
. . . p - - —
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‘. The teams alternate

naming the slope. ifa.
child gives an incorrect

““name, the other team - .
must challenge it, and *
say why it is wrohg.

.The team with the wrong

" response-getsS To credit
for that response.and .

- loses its turn. The't

. that gets the most cof- \

‘rect answers wins. \

Not"évery child on'ea

team will-get a chance

i to gwe a slope name un-
less there are many- m-
correct responses. Have
the teams play’again,
using line OP, beginning
with the children whd -
“have not yet hada turp.
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Act1v1ty D

v

s worksheet 29 -
unit'2s
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Hale th/e children form teams /
of thre€ or four members, K .
each and turn to Worksheet

29, Choose a slope (. o .
up per one over) and wrlte T,

on the board three orfour - ~ = . )
names for that slope, For o
example. 2, =, I—S—, 20 - i

| 2 3 4"

Each chr.ld on a team chooses o

a different slope name and - ~.. . .

e o 2k

tecords that name in-the space °
at the bottom of his worksheet.
: Then he draws a line QR with
the slope name he has chosen,
' his line must pass through )

point Q. ' \

1
After each child on a team e
has drawn his line, haye .
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Activity<E ' .
€ ’ o by
, Comme,ntary * .
The slopes the chlldren have been workmg with so far are *

the children tear out their worksheets. Then the children on
a team compare the lines they have drawn by holdmg up two
worksheets at a time, one’on top of the other, to a light.
Tell the children to be sure the dark border of one works heet
is lined up with the border of the other worksheet; also point
Q shéuld be lined. up on both worksheets. '

’T‘he children should’ dlscover “that each memBer of the team

drew a line with the same slope, only the names are different.
* If some child's lire is not the same as the others he should
check his. work and re-draw the lme.

. all reducible to a whole number of units up per one unit over

per one ‘over.

(e.g., three up per one over) and can be expres sed as integers .

(e.qg., three). But there are some slopes that are named by a
fraction or mixed number of units up when reduced to ' ' __up
per one over" and cannot be expressed as integers.. For ex -

ample, five per two is reduced to two and one-half up per one
¥ . .
over.

“

- o .. . .
It is sometimes more convenient (o eliminate the fraction or
mixed number by naming the slope as a certain number of units

+up per two (or three or four, etc. ) units,over. In this agtivity

the children will work with slopes, such as five per two, but
will not be asked to reduce themrto, say, two and one-half up,

. v
et
0

V\,hen ‘the children encounter a fractional slope, they will find

* that if they go over one‘unit, they must go up a mixed number

of units to return to the line. There is a way of finding another
name for the slope — a name that uses whole numberc only.
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) ‘ »The techmque is: . ‘ : PR P
. L N P ~
- . JE T N Choose a pomt (A) that = —
’ ‘lies on a grid intersection /LIy
, which line XYpasses & s 42 o2
through\ : B -1/
, C/
2. Then find the next grid T .. wil
. . . intersection that line Xy ..’ /4|
, ! . passes through (point B). R / o 1.
P ‘ v .. . - . A
o 3. Count the number of units : B /
-~ over and up that “it takes D, o+
T, to get from A to B. The ‘ £
N slope name is five up per / L
v two over. ‘ A3
. - ]l A~
4. Check this answer by Al ’ 11
" counting the units over - L2 L
and-ug from point'B to she X ‘
next point'that lies ona « .~ 7 %
grid ifitersection (C). Again . - -
‘ . it is-five up per two over to )
. . return to the line.® / ' )
. . . i " .
t s Fractional slopes (those that are not reducible t6 an integer)
" are included in this lesson so that the children will learn to
) ’ .name the slope of any given line and to draw a line of any
) - ) ., given slope. No matter what slope or what name is given,
’ the procedure of naming or drawing that §lope is the same:
. the number of units up per the number of units over.

- [+

Class demonstratlon ..

_Put a line MW w1th slope five per two on the overhead grid
and ask'the children to name the slope. Some child may say
. "two and one-half up per one over." This is a very good
‘ answer, but tell the children they can name this slope with-
. out using a mixed number of units up. If no child thinks of
how to do it, remind them of the different names they gave .
for the slope of lines in the previous lesson. (Remmd them
, _~ that slope six"per two names$ the same line as slope three
per one.) Ask the ch1ldren if this idea could be used t6 name
°  the slope of line MW. (Yes, it can.)
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o _ Elicit from the children the name five per two for this, line by
- . . demonstrating the procedure mentioned on the previous page.
Ask the children for other names that can be expresséd in
whole numbers, such as ten per four and fifteen per six.

Remind the children that there are many names for the slope.
) of a line. All these names mean the same thing; the name
&  changes, but the slope of the line remains thé same. Also
. remind the children that the procedure of naming slope is
. ) . - always the same. Slope is named as the number of units up
per the number of units over. o
. . - Have the children name the slope of lines such as three per ’
' two.and seven per three. Encourage them to use the technique
of moving from one ‘gﬁid intersection to the next to find a name -

- that uses whole numbérs only. . ~ R .
7. Have the children compléte Worksheet 30. Ask the children _
- ; what they noticé about the slopes of line AB and‘CD.—{(They
: ‘ are the same.) ' . BN .
" . v, P A
. " s . v §‘ e
+ ~ Worksheet 30 . - . N ’
s ’ Toenit 28 - Name i .
R ' . Draw the slopes. Choose any starting point. . A
© € - B
s ;g.% ‘(5 g 7w 1213‘ ,
- : ’ . . 1 ; i “
" ’ W £l Give other
1 . >
N names for CD
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Lesson 14: CAR RACES WITH MULTIPLE TIMING

L]

The children-race their cars and each team marks the position .

o

of the car at one second infervals for five seconds, The data -
are graphed and the. children see that a constant speed pro-
duces a constant Slope on the graph ‘A constant slope is & - -
straight line, although all the points-on the graph may not : e
fall exactly, & the line, The children compare the graphs of ',
differenf teams for the same race and discovef that they can
. tell which line has the steepest slope by examining the slope' ]
names, ) ‘ o
MATERTALS . ‘ e T
S -~ for each team -- TR
— racing space -
— car L .
— 2 hatteries -
- : .
— 2 toothpicks ) .
+— .measuring string..- ’
— guide string
* — pendulum | v
— chair -7 . .
— masking tape, . ‘
.. = 5 marking objects - . L
"— ruler oo
-— recording sheet ~
» : . . - 4
-° ~- for each child--- .
— Worksheet 31 : o
. ‘ ) .. v . * ' h . ,‘
PROCEDURE . , S . oot "
] Activity A < . o R - . '
*  Review the procedure that the class used in Section.| when S
they ran foot races and marked.the ruhner éach second for five .
‘;\ o - w ) N ‘.‘ ‘ . - » : V'-‘ i
. X - - . ~ ’ 4|
. , ) * ‘. ) Co v i
\ . PP ' “ )
.o\ . T R AT Y LIV * e
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seconds. The same setup will be Used to race and time the
- cars. Rem1£q_the children that there will now be fiver judges.

- board grid or.an over-

Each marks the position of the front of the car at the appro- 8
priate 3unt. “One of the judge§-may have to act also as .
catcher to retrieve the car and carry it back tb the starter. o
The fecorder should make a Yecording sheet so he can write ™~
down the distance of the car at each second. When the chil-» A
dren are familiar w1th the procedure, thave each team-se‘rup——— noe S A
the equipment and run three races, “marking the car-each !
‘4 second for five seconds. Be sure the recorder is méasuring
- the distance in inches using the measuring string and a ruler. )
If the batteries are becoming weak, replace them but Save .
. the old ones for later lessons. Remifd the c’mldren again - -
" that they must not pr&ss down on the .gar when the motor is
gn. N .‘ . .
Activity B ' '\\ .
Have each team divide
into three groups. . .
Have them turn to i
* Worksheet 31 Name .~
Worksheet 31. Trial Untt 25 ) t 1
#1 group plots the daga ” — ¥
from trial one, trial #2 - oot e N
group plots trial two, cach sqcond
and trial #3 group plots © | seets .
. trial three. When the » '
five points -are plotteds g 2 secods} o 1.
‘the child draws a “ = .
stralght line which 2 Sreconar) I ) o
goes as close as pos- 15 . & secorids 1. ,
sible to all the points. 10 = !
Then each child deter- A= S seconds] rt. R
mines‘the slope of his - oE= :
. graph'(“up per five o't 23 4567 8
Seconds
over) and records it on : . , .
" the worksheet. ’ ' Tlll‘ * ¢
- A = TralHL__ A . L e
. Choos_e a graph (one The slope of the line ll>_.___up per 5 over.
that shows a constant ' . .
speed)-of one team and B _
put-this -line’ on’a chalk~ - . ¢ ’
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head’grid Ask the class if they can"tell whether the car
"+ went the same speed each second by lookmg at the graph.
= (Yes.) - . i
, I;IOW .FARVDID THE CAR GO DURING THE FIRST SECOND‘? '
DURING THE SECOND SECOND? 'DURING THE THIRD'>
. FOURTH‘? \FIFTH‘?

——— - B - SR S

‘.‘ . . . v ' 0

" *.Havé the chi’ldren determine how far the car went during each ‘

second. You may ‘have to help them do this. (If the car was
at the 12-foot mark at two seconds and the 18-foot mark at
three seconds, it went six feet durmg the third second )

. DID THE CAR COVER ABOUTc‘I‘HE SAME NUMBER OF FEET
_ DURING EACH SECOND? ‘WHAT CAN WE SAY. ABOUT THE
SPEED OF THE CAR? (It traveled at about the same speed’. ) -
"WHAT WAS THE SPEED OF THIS CAR'IN TERMS OF FEET
PER SECOND" - X .
Tell the children #hat when the car goes the same distance,
each second, we can say that it is going at a constant speed
(If the speed varied, ask the children to suggest reasons. )

WHAT IS THE CONSTANT SPEED FOR THIS RACE? IF THE
CAR KEPT GOING AT THIS CONSTANT SPEED, HOW FAR
deLD IT GO AFTER s1x SECONDS? . e -
) Remmd the children of the race in which they hopped for
thréé 'seconds, then ran for three seconds., When they graphed
this race, the slope of thé lide changed because the speed )
changed. Ask the class whether they. think the graph of a
car race would be a straight line if the.speed of the -Gar
changed Draw them to the conclusion that when the. speed -
of a car is constant the graph of that race will be a straight -
lme g :

-

Activ1ty C

- Ask one child who plotted tri%one from each team to come to
the front of tbe room with his graph., These four children
should hold up their graphs so that the children in the class-
room can. see them, byt they should cover the slope name that
i§ written on the worksheet, Ask the class to decide which

. car went fastest and wh1ch went slowest just by looking at

’ - H

- . L - ~ D -
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Cy T ‘the steepness of the graphs. Unless. there.was a greatldif-

) ferencg in speed among the cars, the children will discover
’ . i that ‘they cannot tell easily which'car went'slowest and fast-
est becaus g the graphssare.not all on the same grid..’
Ask the children for suggestlons on how to compare the cars
_a for trial one. They may propose plottirig data from trial one
" of all four.teams on the same grid. This, s a good suggestlon,
but there is-an easler WaY.,. Someore should suggest compar-
ing the slope hame of each graph Each child with trial-one.
. data has already determined the slope of his graph as so many -
S ’ ‘units up per five units ouers The/slope with the. largest num-~" "
% . ber Up per five over is the Steepest slope and indicates fast-
a - . es} speed because, that car went farthest in five' seconds
The chlldren who plotted trlal t‘wo may want to get~together
X and determme which gar went fastést in tial two. “Trial
. ‘ three childreh may want to do the sanie. Children who plot-
) ted trial ‘oné could determine which .car went second fastest.
Ask the children if they can think of-ways to slow down their
cars. Letthem give a few suggestions, and’tell them that
they w111 be ~doing th1s in the next lesson.

. Have the chlldren turn ahead to Worksheet 44 in their student
- ‘ manuals, Each child should copy the data from, the chart on
T Worksheet 31 (distance traveled each second) onto the chart
" on Worksheet 44. They should also indicate what trial the
- data is for. *They will use this data in Lesson 19,

- R tox, . .
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, Lesson 15: MODIFIED CAR RACES ]
In this lesson the chlldren develop. merhods to slow down _ T
thxelr cars. They predict how far the modified cars will go ) -
S e in five seconds and then test their predictions. - The class ) )
S compares the ‘modified speeds with the @ngmal'speeds of ) :
: . | .the cars. [‘hey see that the graph of the faster speed always ‘
T . ’ .has, a steeper slope, and that.as long as the speed is con- .o 8
) stant, the graph ““a* be a straight lme .
- . . \ . N e 2
’ H o
4 MATERIAES . )
~ . A .
Y Rk . . . --for each'team --
P T —~ racing space - . . -
- v . ,_?’n 1Y
: - car < : ‘ : ~ : :
. - object for modify‘mg car (2" paper olip, old battefy) >
o - =2 penhght batterles ) ol ) _
-z tOOthpICk’ o ‘ )
~ guide string i .
«——=- m2asuring string "
e . - .~ ‘pendulum
. ~ chair, ’ I C T
. ~ masking tape - oo
DU - — marking object . "
—~ recording sheet )
I . R 1 4 ° v t
, = ruler o R o Tt
- . - for the class --
e - — overhead projector (optional): = ° . k _‘ . . '
. ; . -
. ) -~ eight auto cutouts Co - - " T
. K] . - . % “~ . ' . 1] . b} . '. .
- — Worksheet 32 o IR
P - { ~ o o -
¢ - s -
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h "Have some” volunteers cut eight photos of-autos, from maga- . b
.. zines. They could pasté these on heavy paper ‘so the cutouts * :
) are edsier to handle. These w1ll be used in Act1v1ty’B .
PROCEDURE =+ ¢~ .. N
Activity A . 7 I .
. N L . Al ~ 4 N
) . Remind the chlldren of the prdhlem pésed in Lesson 14; - Can .
- we slow down the ‘¢ars somehow'> Let students suggest some

methods. Theseé might. 1nclude taking one battery out. of the
_ car, using. old batteries,
taping weights. to the car,
s , or taping’ *something to the.
7 car that will drag behind.,
5 “ it. The team thattakes a Tt
" batter out will have to re-
. “place it w1th a,.paper clip
. L to. close the circuit. .If the
' weights on the car stop if
. o completely, some should
be taken off’ 1mmed1ately or.
the motor’ will burn out. If
children have difficulty ‘
. modlfy:.ng their cars, ask questions which w1ll help them RN

solve the problem themselves. Co e Lo

¢ ’ -

) Ask_the class to predict how far they think the modified-cars
. * ~ will go in.five 'seconds. You may want to remind them of the
) ) speeds from the unmodified car races in previous lessons.
Record afew of the predictions for later discussion.
) S Take the 'children to the racing area.- Have the same teams
. . work with the ‘samescars as in the previous lessons. They
- " should use the setup and procedures from Lesson |}, Each
. S , team runs its modified car in thrée trials, and each time re-
SN . cords in feet and inches the position -of the car at the five-
. s - segond ‘count, The recorder will-have to use a ruler, measur-
, - ing *Erorn the nearest mark on the ‘measuring string. Remmd. -
‘ A the children to change ]ObS after each trial. When the races
. . - - are done, gather up the equlpment and return.to the classrocm
N S ) . to dlscuss “the results. (Tell the récorders “to keep the data
) ' .- to use in Actlvitles Band C.) . = - | "

EMC“ At :‘ N s . \ s e . .. . ) © e ) N
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Draw faur horizontal.number lines on the chalkboard te repre—
sent the tracks of the four teams., Mark each number lme in
five-foot intervals. Put one téam's name beside e ch of the
lines. ‘Have the children turn-to Worksheet 32 whére they °
‘have recorded; the greatest distance their -car went'in thé
unmodified five-second trials.
team should tape a car cutout to their numbér line. so that.

.thie front-df the car is at thé’ distance fhe car traveled in the -

uynmodified rate.. Have thig team tape a second car-at-the-.
farthest distance their.car went in-the modified trials.. This,.

. datum is provided by the recorder ~Have the other teams re-.

pedt this process on their number lines, When the- record is

complete, the: children can dompare their predicti s, ‘.Eor the '
modified cars with the results, - (Have the children save .

Worksheet 32 fog.the next activity ) VR

Py ’ P

- @ e . . “ ) .
Refér to thesnumber linés on-the chalkboard while the class
discussés the followmg CIue\/tions‘ - . ..

LOOK AT THE FASTEST CAR. HOW MUCH FARTHER DID '
IT GO IN THE FIRST ,RACE THAN IN THE MODIFIED RACE‘>

WILL THIS DIFFERENCE BE THE Q»AME FOR EACH OF THE

One of the meinbers of one ] e

3
-

Y
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. . .. Cee wu ve L .
'.‘: e : . - ',"‘ ""' ‘ 2 U LT
A A QTHER CARS? (No ) WHY? (The methods of slowmg the °
C . -cars weré different, Not all the®cars.went the same speed.
Coove L s in tHe first race. Also, batteries wore down and marklhg.
- ’;" ) :’. o tech.nq,ues' differed. Y‘? . : Y. s
. - . . Let's compare, the speed of one teams car in the unmodifted  °
S . race with the speed of that c¥r in a modified race. Remember, ’
.. o , each carran for five secc;\d's /kn which race did it go farther?
» . ‘ . (The unmodlixed race.) In. which race did it go faster?" (The
) : - * v unmodifiéq race.) If we graphed arr unmodified .race ‘and a
. .o e . " modified racé for each of the cars, ,w'hlch graph ,wc}uld have -
BNV " <1’ --a stegper slope? (The unmodified,” If the children dp not
; Yo . .+ _know whtch would be steeper, gomot tell them. ‘they graph
SOAM SR the data-in the next activity. g N iu v
EEMA . Act1v1ty S R
. ‘ ~< R ' Have each tea\m get together and turh to Worksleet 32, They /
~c o 0T e will see “thatythey have already recorded the farthest distance™®
' Ce T & TS, that tl;relr car trave'led in the uhmodlfied five-second rac
S . * " (in Lesson .l1).. Now.have’ each team record the fartp. st dis-
. T tance. their car.: traveled in the modified races. TheTécorder
L e S " ' tells histeam-this mfarmatlon. ‘Have the children graph the
e i ~ two races. they’ have recorded, - -
o"‘ . :" . < . ’ ) ,
N IR - e "7 | Ask each team to roport whicli '
SN 0 woeheet3 . N " graph has the steeper slope,,
“ ot Unit.2% . N N . . R
1T+ @ . ) L _. that of the modified car or the
~ . ) x L= . Farlhest distance unmodified car?’ The children
R e o et S will See-that both graphs are  *
. jso:f:: — Unnedltied| .t | approx1gnately $traight lines
el 2l 3= e and that the unmodified race
- . SN ':.m" i e el o wditted | ) b has the line witl} the steeper
I B v == = PR I UL
R R 5 4 - R ‘ \ . ‘ . . RS .
o o ESEES = o . Review ideas,‘such as: tite
IR S o e . % [ car that travels the farthest
' B g i g v ' . .| distance in five séconds is the
s SR R iy i o s i gy ey e : ‘|- tfaster.car (the unmodified car
. Q 2°3 4 3 ¢ ] ¢ 4 2 . .
S . seconts L » -»| -went faster); th®e graph of the . ‘
Ce “ . . R Mo faster car-has a‘steeper slope; \
..nl"he slo# ‘or the l:m fo"‘}he ungpdltled rac ‘h. the .steepe’r the SIOPe' the
- . 1s up per fIve overs . .| faster the speed, .a graph of a
« The alope of the Vine for the modified race g..__.. . constant speed 1s a straight
w PR Qveovn .« waa - . | ‘line. Save any batteries that
. . " Which 1fne hM the eteeper slope? . * .
. . NSO Unmoditfed ‘| have worn out for Unit, 26. _
oo, e ‘ P S , A » 93
~ : L ) LI .
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— & ‘ Lesson .16; THE MULTIPLICATION RELATION EVIDENT IN SI.OPE

s . In thls lesson the children see that slope is rglated to mul- +
. “tiplication. They find that on a line with a slope that is an ~*,
/ : T mteger,\ §uch as three per, one) for-one move over, the num-
- ) . ber of'moves up from the origin increases by exactly the,
' ) ] > same number of squares,as the slope name (three in'this
“ o , * ., example). : :

Since the multiphcatlon relationship ex1sts between the
slope of a line and coordimates of points-on this line,.a
. graph of a stfaight line can be used as a kmd of mu1t1pl1-
v e cation machine, a

- &

MATERIALS _ . . e
. I-J

@ - - [ TN
~ overhead projector (optiocnal) ' \ N s -

o s — Worksheet\33 ' v ) ‘
/. . PROCEDURE ' \ o N
~ o Act1v1tzA S ‘ g T on

RO - Using & chalkboard grid AN - '
2 " or the overhead projector, T 1 %"l
’ .+ draw line AB with a slope ‘ B
§ of two per one through . ) - v
the origin (0,0), Ask the ° - — g
~ children to name the slope = - S
( of the line. Then ask °
sgmeone’ how many units - To-
. .~ wewouyld go.up to get -
el o back tothe line if we . [ _
e move one unit over (ri_ght)_ : . - i
from the origin, (Two.) ! : B J
. You or a child should v i 0 R
Lo sketch in thesé moves . : -
A on the grid and label : A .
+ .. . them with the number of . . v,
. " units mox(ed in each ) / : 3
. direction, 3 avt L v L T

LY
: - Now ask how manyrunits LT T T 1. .
- Lt ' we must go up if we move N - TN S

. . . .
, ) . R
FUEEEE S . . " blo C’ . ; < ©
R " d ? - .
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two un1ts to. the r1ght from the origin, (Four.) Trace these _ -

{
moves. Continue moving one more over (three over, four

“over, etc.) and the necessary number of-units up unt11* your . .-

2
. N

grid looks like the diagram on the prev1ous page - A

As’k the chlldren if they see a p,attern in these moves, If

they do not, trace the moves.as you say: "One over and two

up. Two over and four up. Three over and six up. Four

over and eight up, etc.” Then ask the chlldren if'they sée = . .. R
a pattern in the number of moves up for each successive
move over. ‘(Each number of units up is two darger than the
previous number, Each numwver of moves over is -one larger
than the previous number,) This pattern is ‘similar to the
technique the children used infindi different names for
th\same slope: two per one, four pe\two, six per three,

etc. . 8" -
" * T - \\; ..

Repea.. the procedure’ us1ng a line w1th the slope three per
one, ‘*With this slope, the pattern is an increase. of three
un1ts up for each 1ncrease}(bf. one unit over: three up per . )
‘one’ dver,_ six up per two over, -nine up per three over, etc, :
The increase in units up is the same as the slope name, ) R
- three (per one). e . . - .-

R e -

o

-

AchwtyB o ‘ y

g ¢ » "._.- o
Us1ng a grid transparency ora chalkboard grid draw a lme .
AB passmg through the origin (0, 0) with a s10pe of two-per
one. Ask the children to name- the slope of the line you o

" drew. Someone should say the slope is two up per one over, .

.- with slope two per one increases by two units' up for an )

’Rev1ew what this slope means. It means for every unit over,

‘graph as a mult1pllcatlon mach1ne to help thém find the pro— N

we go up two units to return o the line. In Activity A ‘the e e 1
children'demonstrated graph1Gally how, for example, a line

increase of one unit over. Téll the children they can usea .

duct of multiplication problems. Ask if anyone knowst,how

" tousea graph to multiply. - B e ’

Explaln that a oraph w1th t;he slope two per one can.help us
multipiy by two. (see-diagram ‘on‘next page.) Circle the2 -
of the slope name. If the children ask you may want to
explain the meaning of the' fraction two per one. fhid frac- ’

_tion can be interpreted as .two ones, WhlGh for our purposes,

is the same as‘two, < o g M .

.
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- demonstrate how to follow the grid l\e\f.or 3 upto lme AB.

\ - .
o—+ 1=
9 o S .

Write 3 x vl on tﬁe bo“a“ifd Ask the chlldren if they know the
product of 3 x 2, Find the 3 on-the horizontal scale and’

When you have located this point onthe lJ.ne, demonstrate
how to follow the grid line“from this point, over (left) te the
vertical ax1s whxch will produce the product, 6.

& . e - T

to come to- ”the grld and multlply 9x.2 usmg the




” -

- .Ask®dther children to-do more examples until all children
‘understand how-to use the graph as a multiplication device,

. Show them how this .multiplying technique is similar to what
they were doing in Activity A. In the previous activity, the =
children saw that with a graphwith slope fwo pér one, the =

- increase.in number of units up is two' when the increase in
' units over is one: over one, up two, over»two aup four; over

three, up six;-etc: is similar to multiplymg by two: 1x2=2,
2x2=4,3x2=6, ete, : T

{In the néxt lesson the childrefi will complete several work-
sheets of multiplication problems using graphs of slopes one
per one j:hrough nine per one.») - -
Draw line PQ with slope three per one Ask the children how
they can use. this Tine to multiply, ‘(They: cai use it to multi= .-
. ply by three.) Have the 'children turn to Worksheet 33 and
_complete the problemig:with your help and using the line PQ
L © You drew, Ask a ch¥ d to come to the overhead projector and
’ demonstrate how to multiply I x 3. Remind him to find the 1 .
oh the horizontal scale, which will be multiplied by 3, the
-~ slope name. Have thé other children enter the numerals | and
. 3 in the first two blanks on the top row of the worksheat.” R
R Have the children redd this problem: "1 (over) times 3 (slope
= . name).” The children should know the answer.to this problem’
: " without using the graph, but have the child at the.overhead
. projector demonstrate how to find the answer withthe graph T
’ anyhow, :

A

\
<7
‘.

Now ask: ‘ _— ‘ B

IF I GO OVER-TWO UNITS, HOW, MANY WOULD I GO UP -
- TO RETURN TO THE LINE? THIS IS THE SAME AS MULTI-
PLYING 2X 3 ; J . )
Now have the-children enter 2 in the over line and 3 as’the
s:0pe hame on the worksheet, Ask for the answer and have

o

3 a child demonstrate how to find the arfswer using the graph
1Y .
- Go .through the same procedure.for 3 over (3 x 3), 4 over T
. . : (4 x3), 5over (5x 3), and 6.over (6 x 3). oo 7
* . O ’ x>’ .
’j‘:ﬂ‘. Yo, ; !
% v [} /
’ , 7
R R s 2 ’ //
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Do o‘thédr examples with lines of different slopes until the
children understand how to use the graph to multiply. In
the next lesson the children will complete several worksheets
of rultiplication problems using graphs. -° .
- ‘/ - . -0 N
) cad -
g Worksheet 33 Namé____ : > .
~ ot 2 %, ; ‘. -
o ) R Slopeorl_’o;% ¢ . :
i ) top wumeral | . >
! N over , up .
' . . . lof slope name -2
X | .3 .3 .
':.s”' ] . . - i : . i
oA r l x 3 = é : ', 3 ‘v‘ ! -
; 3 - F—q
Y ¥ e - -
s s i} . . :
. : lf_ ’ “x 3 . 12_‘ \
UK B U
v Y ¢ : - <
o b X 3‘ = /X ' .
& N B . ——
ﬂ e
A
A )
) & '
- N " -
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. g ;
s E -
Y $ *
v o % a
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s . Lesson 17: MULTIPLYING WITH SLOPE

; N - ’- ’ ; "
] ~ Inthjs lgsson the children use their multlphcatlon machines ~ . -~
. to find the answers to multJ.pllcatlon problems on several '

- worksheets. R S -3 . ‘ T

. } MATERIALS " S, . L

-

.- ~ , — Multiplication machme (in student manual) , T

[
> o . o

— Worksheets'34-41 . L - T

T - ‘PROCEDURE S S St e

- Activity A' R "“ : - . N sey o
oo o Y. In the back of this manual and the student manual there is 'aﬂ
fe two-page foldout "multiplication maéhlne. " This machine
isla graph of lines with slopes one per one through nine per
one. With'this chart the chlldren cah multiply any combina—
. 7 tion of numbers up to 9 ,x IO -

R
s,
s
v .a.“’ -

.
]
~e

. The grid units on this chart-are rectangles rather than ,squares,
For the purpose of multiplying it makes no difference what - )
) size or shapé the grid units are, If the children noticeé this = . ="
e e and wonder about-it, explain that- the shdpe is-not important .
) _._here, ~You should say "units" and not "squares.« SN A ““’:“",."T"
. ) ¢ . . BN
) -'* * " 'Review the procedure for using this‘“hart If & child wants
" to multlply 9 x 7, he uses the slope seven (per one) line. He s
“finds 9 on the horizontal axis, follows the grid line .up to the R
) slope seven (pér one) line and then follows the" ‘vertical gnd )
e line over (left) tqQ the vettical axis. The number there will. . -
give him the\%Jroduct 63.- e e R

‘v )

"Have the children complete Worksheets 34 through 40 us1ng
N . s this chart, You may want to work one problem from each
" ' worksheet to get the children started, but they should com-
plete the worksheets independently during class . Check the
- " children's work from time to time to make sure they are using
R . ’ the multiplication machine correctly. (Worksheet 41 is op-
“ . « . tional and goes W1th Actlvlty B.)

“ ‘ e

L N ~ >
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: . Workﬁ\cet 34 - i L. . Worksheet 35 - L
©Unit 23 Name = Unit 25 Name = .
AU P T DR o n .. ] . ' ‘
Lo P . . Look at thes® problems: 4 x 6, . .. L.
N - ~ Look, at your multiplication macking. - - . Tl -1,x 6, ot LT ‘e K
C. R, - s. g . . 9 x 6, -
L:lng a line with' slope » YOu can . i N
sultiply by 3. - - 3 x6.
~ M R Use your multlpllcnt(on nachlne to work, Jthese ¢ : i -
- ptoblens:’ . ¢
T, 9x3= .;3'_7_ 6x3= _,:_I_g_. To (ind_the producu of these prob'lems you should -
. “
8 X\?*_g?ﬂ_‘ e 7x3= _él__ - use the line with the slope.mmm Thlc
. A e e DR R . s = .
‘- e e Wlll help you multioly by.._ﬁL \\ 't
. - .\ E e | o .
. TS . R Uso your multlollcntlon machlnc to do the problens
— below. N4
- N N N e - M -
. , | tsing a line with s«lopecg you can multiply l}y..._a'_. R 4x6= éL 1x6= %)
.2 - - . - T L B N
. R - e = Egg .. 0 ;-
. - 2= 4 sx2=_lbo__ TS sxem30 . .
. ov2=_18 10x2=_a0 9x6s= Aﬁ.\zxe- /2 . ”
.g 0 - /p \ 7 X e
- X2 = 2 0 x2= 3xl$=,.._.__ 8 x6= Lo N - .- o
* B - . _. \-~\ - T
-5 - N >, -t . LT
’ ’ ’ b ) Al - > /’lﬁ . A \
. N o . ) »
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~ - - - & - ‘
. o . b
- A 3 *
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[P IRN e —————————— S e e = L.
. . N . . i -
" . - worksheet 37 NI X
\ Worksheet 36 - Nime _ = Unit 25, - ' Name — . .
- Wit 28 . . - ) . —— s
» N - . - ) > s
o, 3
‘ , Write the answer J(or each problem. > >
. . - Use your mujtiplication )
Each answer nanes a dot - ~machine to work thene .-
M R Begin at 0 and> connect the dots In numerica), order. .1 B problems. i
. - . . 3 - -, T
P .
- > .
-t 35 1«5, d
“x N N ~ 0
L hl v; -
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2x3={0. ) . R
~ . v A ' - a 5\”\\ - - - - B A
< .
B . R . ) » R .
- - pr—— . 73
l . * T » e
T~ Co ,1 1 = ‘? .
— ’ -y -
ERIC  ~ ‘ ~ v .
- . . A . . ‘ N L
. = M . » .




‘ R v PN — s . ae . V.. -~ . - -
R : - o
i . . . . o v »
. ; . - - P H . —— -
- - ’ . PERN T : o A :Q :
haY - ~ - ; » M -~ o
. . ' & B .
=% worksheet 38 Nyme . B -
tnit 23 . ) .
. : O » worksheet 39 .
: I . W Untt 25 Name. g
. i Use your sultiplication sachine to work these..problems.’ - s . e - . . -
. - Work the problgms. - - ‘ 4
PR
Color the pattern using this code:
- = blue‘. ~ 36 = green .
“ * P * '- .
27 = yellow 24 = red T v
. .. i o - .
- .;O
%
vorkshest 40 o ‘ —f Worksheet 41 Name - :
Jorkshe . . Name T Unit_25. X
Jlntt 25 o - ) : \\T\“\»:‘b .
A o ’ ’ ’ : S o
« E] - Use your multipl {cation machine.to solve these problems.
- . A - — .
¥ i T—
. K . . I
10x3 = sﬂ. . exe=d
L A q N
. 7x5 =‘3_5__' Ix4= /
2 - - " »
-~ 88= b_lf_ svo=dd
9x9= ll_. Tx71= .._.Llf *
e * . . y
< -
RS Ix9= &.z_ Tx6= .._'2"
- . . .
~ Y * "
o a Sx4= ,_g_o_. Ix8= .'7'__.
. oxsa Q tx1= 0 _ -
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T . - Activity B (Optlonal)

«In thls, activity you demonstrate how to mult1ply by mikxed -
ce " . numbers using the multiplication machine. Multiplicat:.on -
7 _involving fractions is usually not. introduced in third grade,
S e :but is prov1ded here for those children who show special
i {: ) _ i . 1nterest and ability in mathematlcs. ’ s '

e x4 -
M—-——Q——...._...,

The mult1p11catlon ‘machine can bé used: to"multrply~~a~whole
e - number by a mixed number in tfie same way it is used to
T miiltiply’ twowhole numbers. (See the d1agram on thé next
- page ) ’

. - .
L T - .. . ’

.-

For a proolem such as 7% X 2 you use the line with slope two )

per one.” Find 74 on the horizontal axis of the grid Fdllow

the 7% position.up: to the slope two pér one line. Then follow

- the grid line over (left) to the vertical axls to f1nd the' pro-
T duct, |5

te
o
N

. e Mulnplymgamlxed numbers is a little more difficult with the
machine because often there dre no gnd lines to folltow for .
the halves. ‘Show_the children how to use a ruler to find the

o o posmon of say, 5% on the 510pe thrée per one line Y
e . *.Some multiplication problems involving mixed’ nurﬂbers result
~T T ¢

. irr.a product which is also a mixed number. An example is "~ .
- : - 5% x 3. The procedure for finding the product is-thersame as
' for mult1ply1ng whole-numbers. -Locate Sé on the horizontal
, scale. Follow the. 5% position up to the” slope three per one
\ line. (This point is between two gr1d lines.) Follow this
. . point over (left) to the horlzontal axis, The position on the
. - horizontal axis is between 16 and 177 ‘the product is 16%.

Worksheet 41 is an optional worksheet- for those children who .
e would benefit from an introduction to multiplying mixed num-
P bers. It includes only two problems whose products are.not .
‘whole humbers .

"

-




’ ~ . Multiplying by Mixed Numbers
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Actlv 1ty C (Optlonal)

. In th1s activity the children learn how to use the " multlphca—
tlon rhach;.ne" to work division problems. You may want to
try a few division problems- with the whole class or with just.

. those children who are ready for d1v154.on.

You may choose

to use this activity some-time later in the school year..’
Encourage the children to save the multiplication charts to
use all year long. :

o~

Using the lines of different slopes ' the chlldren cag divide
any number’ on the vertical. axis by any slope name and find~
the answer on the horizontal axis.
opposite “of that - used for multrplication. . CHoose problems

ing one y~half,

- 2

-

The procedure is just the

The diagram betow illIAstrates how to find the
quotlent of 2.0 + 2.

-
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The chlldren race their-ears’ on a circular track for-one revo-ﬁ
lhtmn. They are asked to determine whether the car goes
jaQter when it is modified or unmodified. Since one revolu-
tien is-a fixed distance, the children must record the time

‘duration of oné revolution to determine in which trial the car -

LY

.. . went faster. The time is the variable in this race in contrast

to prévious lessons in® which*tlme was constant (five seconds) |
and.the dlstance va'led
MATBRIAES- ‘ . - ‘ .

“ © . ‘
oty =- for each group --"

— racing space

1
le

car (and’ equxpment to modify car)
- 2 twp-mch papex: chps
- 2'8--inch 7string- a
- ma%k‘ingi tape |
- - pendulum ~ N L
- WOrksheets 42a1d43 -

- -~

PREPARATION o R ) - " .

Bend one end of é fwo-inch ‘paper clip so that it is .perpendic~ _

e ular to the rgst of the.clip. " Tie a loop in one end of the string.

Tie or tape the other end of the strmg to the side of the car as
shown and tape it toward the' front of the car when you tape
down the.batteries. Tape the't paper chp firmly to- ~the floor and
slip the loop end of the string over the extended ‘end.of the
paper clip. The string must be 24 inclies from the car to the
-Chp. . N *" jx . .. o . - ‘

-




-

-~

%

4

N N *
>

vk

'PROCEDURE Loy i

Tell the children that they are gmng to expermyeht with cir-
cular motion. - Explain what is meant by a circular’motion
race. The other races have. been linear —.the cars and the °
children ran in, a straight line, starting at .one’: place and
ending at another.. In this race the car will travel in a circle,
and w1ll end up in thé 'same place it started.. Explain that
the teams will'run their races on a circular track

. .

-

-

Show vthe children the new setup1 explaining how to tape the .
e p@per élip to the floor and, loop: the' string over thé clip. In
this race there will .be a timer, starter, recorder and one
judge. (The children will have to take tums doing the jobs )

> FREY *

]Emphasize how this race differs from prewous races., The. car
will-run fora fixed distance - on¢ rgvolﬁtion of' t‘\e track (125
feet).. The judge will, record. the number of counts‘zc (s econds)

it takes the car to travel one reVolution. “fhe judge must
listen,closely to the timer.and note’ at what.codint the front

of thie car returns to the staning line. He tells the recorder
. this datum. R SR

¢

&




- at what count the front of the car.reaches the startmg

Jine after going oné revolutlon. . .
ol ¢ A CoL
2 What happens to the car when the wheels are turned in
" toward the center? ,What happens when they are turned -
et out away from the center? When they are straight?. | '
- Does the speed change? What reasons can you think of . -

.

14.\4 > - .

c .

w, K -~
. . . . \ ‘
e . ®
Worksheet\42 is the record \
S sheet._ Thé¢ Yecorder should
fuvas, e ————— |+ bring"th t\merksheet to the "
- - o B racing area. Each team runs
Clreutas totton Recurd Snevt |+ three races, two trials of each |
Unmod1fted Wheelp Stralsht ‘race., The first race ig w1th -
‘ “an unmbdified car with its e
Trial 1 g seconds . wheels straight. The'second ¢ | *
Ed : . . » race is t..e unmodified car w1th .
a Tt 2 - : " ‘?. ¢the wheels turned either in of Q’\ :
. ’ . : out. , Have two teams do it one -
r Unmodifiad Wheels Turned In or Out rrer pre e way and’ t\ﬂ,@ateams dO it the .
I , . __ pthet.. Maké sure each recorder .
" t . indicates onsthe record:sheet
Tetal 2 ' seconds -Whether the race was don'e with
. the wheels in or-out. The third
- - race?is with'a modified car with
Wxitfled theels St e—] strdight ‘wheels. This informa- ..
. HOS «
1 St . cecomia tion-is on the workgheet: Before |
: gomg'tO*the racing area show ,' e N
Tea 2  secduds _the children how to tumn the -
" 2 . *| wheels on the'car. If thg wheels -
%ﬁl " . & ‘of yoyr car cannot be turrled, '
. I —a—.  omit this race,, P
' o “ o NP
. Before the children run the races’ you should disecuss the first ,
. two points below.- When the children return.from the races,
gam dlSCUSS the flI‘St two pomts ‘and also the third. .
: I\ How long wtll it (did,it)’ take for thé unmadiﬁed *r to go '
around the track once? When the car is modified how
long will it (did 1t) rake? Th order to determine the $peed. o
. &f the cars, the children will have’ to find a way to deter- ‘
. .. *mine how long it takes the car to make one revo.lution. .
. Lead them’to-see that this is'done by construc ng a
{_‘ . starting hne starting the car at that point, ah notmg . '
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5 h et for what you have observed? If the w'.zels on your cars.
T L - ) sdo not turn you can eliminate this discussion or let the o, ¢
R . chﬂdren speculate about what might have happened. « =
- ’ , A ~ 9
pe . . 3. If we plot the data for the two races w1th the wheels .
. ) ., =tra1gh1: which.graph: would haye a steéper slope, the.
.- - : ohe -or'"the modified race or for the unmodified race?
e S . ,The car went the same distance (one ravolution equals
' T T 124 feet) each time. ‘ I
. N B . NS
o ‘\ - Have the children test ‘Ehei‘r. dittions by graphihg the data »
S . . for the races (straight wheels)on Worksheet43., . °°
N - -
. ) , R . « ~5
— 2 :
» (g ’ / :’ 4 4 ) . '
- - e . e Worksheet 43 Nawe_ __ { - R
-* . . “ v . Uunltas . R - . e oo
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. . @ 0 I . * Circular Motion
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Lesson 19: FPREDICTING RACE RESULTS.
In this lesson the ch1ldren use: their racmg experlences to \
. ‘help them solve prediction problems. In pr’evious linear
races’ the chlldren measured how many feet they er the car
) went in a fixed amount of time, Now they will be asked to
» examiné the data of prévious races (especially the data of
the unmodified car with rhultiple timing), and predict how - -
+ ° long it will take a car to travel a fixed distance, 25 feet. '
_ Some children might redlize that if their car went 1S feet in .
f1ve seconds, it should,go 25 feet in about eight séconds
Isince it traveled at a rate of three feet per second.. From
the children's predlctmns and the discussion of results,,you . ~
should be able to evaluate what the children have learned '
about the relation between distance, time and speed. o h

/

i.'-‘_-'for each team --
— racing space SR
. — dar .. e : v 2
— measuring string “
, — guidesstring .
- 'maskmg‘tape .
e péndulum s
— recording sheet ,

— Worksheet 44 P ‘ ‘ .
PROCEDURE - e

Discuss with the children the idea that one way Qf determining

'the speed of the car is to raggiit for a fixed amount of time as.
they have done in"previous”lessons. Ask them how they knew - .
which car went fastest. -Answers include: the one that went

- the farthest; the q/ne that had the graph with the steepest slope.

Now ask the children how they would determirie the fastest car
if they raced each car for 25 feet — a fixed distance rather .
than a-fixed time. Give the example of runners racing to a Co

.. 1




L

~
.o

finishing line (a fixed distance). The children should know -
from experience that whoever got to the line first (in the-
shortest time duration) ran the fastest,

1
S v

’ e -

_ i M Fa— s

; - — - Have each team sit together, _
Yorkaneet <4 s ‘ . The children should turn to
" Unit 25 . - Worksheet 44 in.their student
: manuals; Ask them to look -
—© SR J at the data for the multiple-
Tesn: distance tiaveled timed unmodified race which
* ::;l:::htlmd zll‘c 3 secl4 sec|S sec is recorded there. Can they
unmodified car use this data to predict how
trial# . long it would take their car
e R fo travel 25 feet?" (If any
. ’ car went 25 feet in five seg-‘
onds in previous lessons,
1 predvt'g_ that the csr will ta.!sel:l seconds you maY want to Chaﬁge the
to ko 25 feet. distance.). Do not tell the
' children how to predict, but
.allow them plenty of time to
discuss the problem., Have .
each child record his predic=
tion on the worksheet,

-~

Time duration for a
25-foot distance

o

Review the jobs of team
members, In this race,
the judge will sit by the Trial | seconds
25-foot mark and take t ‘
note of the count when .
the car reaches that mark. Trial 2 Seconds

I3
=

*

The recorder enters the- : —~
number of seconds for .
each trial on his record * Trial 3 seconds
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. .

" \ ) : . sheet. Have each recorder make a record sheet like the one’
o \, ~ -on the previous page. Hi¥e the teams set up the equipment
. \ and run three 25-foot trials.
- \ A X .
; - \ When the races are finished, have the “children compare their,

predictions with the results. Ask those children who predicted
most accurately to tell the class how they went about making '
their predictions.- Lead the children to see the relationship
~ betWeen how far a car traveled in five seconds and how long
it took a car to go 25 feet. . If some team correctly predicted
a time.duration according to the data, but the results did not ..
bear out the prediction, ask them what might have happened., ’
. (The timing,. starting or judging procedures might not have been
" acdcurate; the car batteries may have worn down since the pre-
_vious race, etc.) Encourage the children to make other pre- ‘
dictions such as how long the -car would take to go 30, 40 or
50 feet. : ¢
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multiplication.
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— To review repeated addition and arrays as embodiments of

v

- To introduce the relationship of Cartesian products to

multiplication.

situations.

COMMENTARY

“— To provide practice with thé multiplication facts in game

The last section of this unit reviews and introduces embodi- -
ments of multiplicatior other than slope. InSections | and

2 the children studied motion, and then the multiplication
relation evident in a constant speed represented by a straight

-line-on-a-graphv—In-this -section the- -chjldren-will- study mul--- -- -

tiplication relations. ev1dent in repeated addltlon, arrays and

the multiplication facts.

*Cartesian products. Games are pr\ov1ded ‘to give practice with'

Hs
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i " InLesson 20 the children
IR ) review repeated addition
: . e : . .as it relates to multipli-
- - cation. /Tﬁe childrén print
"trees" Awith potatoes and ..
tempera paint. Each tree | .
‘. ~ has’five branches, illus- * )
~ trating how repeated addh
- _tion of fives is sinilar to ¢
‘multiplication by five.
Py "Worksheets and folding
T ‘number lines illustrate the
.- . Similarity of repeated ad-
Ce " . dition and multiplication. - .
. . . ‘ . . \ e R R SRR | ®
¢ .
‘; 2y
. b
5 H
3
Lesson 2! reviews arrays . . B
: (e T o
and how repeated additign - @
can be illustrated by .an - :
' " array of a certain number
of sets each with the same>
number of members. For .
example, 3 + 6 can be found:
by .adding 6 + 6 + 6 and can :
be illustrated by drawing
an array with three rows and .
six objects in each row. °
e ' ) ' ~
‘ - H . |
ERIC | 129~
" - ‘ ’
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In Lesson 22 the, children learn’ some bard games that review
., repeated additidn, use arrays and also give practice with
.multiplication facts. The children.should play these games
as much as possible. ' o

Lesson 23'introduces the Cartesian. product as the set of all
ordered pairs that can be made by‘pairing every member of
one set with every member of another set. Cartesian products
are related to mult.iplication in that the total number of mem-
bers in.the Cartesian product of ‘two sets is the same. as2the
product of the number of members in the first set and the num-
ber of members in thé second set. Worksheets illustrate
situations where finding a Cartesian product is desirable..
The children will work more extensively .ivith arrays and Car-—
teSian products in-Unit 27,

Lesson 24.introduces dice games that provide more practice
with multiplication facts. The dice games (and the'card

games) should be played ‘often because they provide a fun way

for the chlldren to learn the, multiplication facts.

This section of the unit is intended to show t'he children em-
bodiments of multip‘hcation other than slope: repeated addi-
-tion, -arrdys and Cartesian products. The children should see
how these embodiments are’ similar to the multiplication rela-,

tion evident'in slope, and that there are many methods of |
finding the product of' a multiplication sentence: a line with

a certain slope on a 'graph, repeated addition, drawings.arrays,
etc. The children will realize that it is much easier to mem-
__orize the besic multiplication facts rather than drawing an
array or adding repeatedly;, but they should be aware of these
devices and their value in finding the product of a multiplica-
tion fact that has been forgdtten. The games provide an ex-*
cellent opportunity for the children to memorize the single-

dlglt multiplication facts. .
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Lesson 20: REPEATED ADDITION ., R : AN

¢ »

. /.f This lesson reviews the idéa that multiplication is much like . .

i

' repeated addition. - The class prints trees with five branche\
_and fills out a:repeated additlon—multlphcanon chart, making

. new éntry as each new tree is printed. »Worksheets rein-
force the relation between repeated addition sentences and”

_multiplication sentences.. Then the children use the printed
trees to fill out a parallel number line ‘chart. o

MATERIALS ) | : .
~ potato

- kmfe e e . :
- tl}ickie_mpega paint . \
- acrap..paper;- .0
— -sheet of paper at least 2 feet long <

.. .*. —.masking tape — - o Lt
/ A

- felt'tip pen . ’ ‘ .
— Worksheets 45-47

PREPARATION | o
Cut a poi:a‘t‘o in half, .Cut a "tree" with five branches in one“

half of the potato as shown. The potato will be easy to hold
if you cut two grooves in the back for a handle.

. S .(
Tape a strip of paper about two feet long to the chalkboard
and next to it ‘draw a chart like the one on the next page.

o 131 !




Number, of Branches on Each Tree.

i

[}
¥

Number

Mgltiplication‘
of trees

Total number of branches sentence

Ry

V.\




' PROCEDURE ‘ : L

Act1v1tyA IV K L . Lo
N / N

Gather the children in front of’ the chalkboard Using a piece

of scrap paper taped to the chalLboard show them howto , -

print with the five-branch potato by dipping it in the paint

plac1ng it on the paper, pressing hard” and- carefully 1ifting

it off :

- B <
-
. e

Explain that the class is gomg to print fwe-branch trees and
write in "5" at the top of the chart. Pointing to.the zero in N
the number of trees column, ask-the children how many branches
there are on zerp trees on the strip of paper. Put a zero in the
number of branches column on the chart. “In the column for the
. multiphcation sentence,. write the numerals in the appropriate « »
; boxes: 0x 5= 0, Discuss the meaning of the multiphcation
s entence.. o

v

2

I . [ ’ N
° - I

Now have a child print the five-branch potato at the left end .

ofthe paper strip. Ano‘ther child should nur’nber each branch - m
'and number the tree using a felt tip pen. _ -

!
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s : -
Number of Trees

Have the ichildren help you fill in the row on the chart for one

tree. . They can look at the potato prjnt for’ information.” ~

‘. -

-~ N\

Ask & ch11d to pr;.nt a second five-branch tree next-to the first

tree.. A child should number these brarrches consecutively,
and number the treée. P1ll 1n the chart for two frees. Ren'und
the class that 5§+ 5 =10 is.a repeated add1tion sentence. B

_Follow this procedure. discussing the’ addifion and multiphca—

tion sentences each time, until the ‘children have printed 10~

trees.. Label the top: of the tree strlp "total number of branghes, "

and the bottom "humber of trees. e o s -

we ™

The completed chart will look like this, ' B S

e
Number of Branches on Each.Tre€* :2 Multiplication
4>, | Total'nymber of branches P Sentence
1 oo o - ~oxs=0
! 5 (' . kx5=5 .
c2 | ses ﬁl 2x5=1Q" '
. 1 3 | se545 o 3x5=15 ;-
4 | seseses oo o | 4xs=20
_5‘ 5:-"’5‘+5+5+5 : 5xl5=25‘ ] L N .
i 6 “‘s}s+s+s-§s+s . L .6x5=30 . “ ‘
7| S+SH5ESESHEHS , " 7x5=35 J
8 54555 5+5H5HS :é‘x5=40‘
of 9 ‘51-5+5+5+5+5+54-5+5.‘, 9x5=45 . -
. 10 S+5+5+5+5+5+ s+5+54:5 10x5=50 2!
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: . -Have- the chlldren turrd to Worksheet 45. This worksheet .
presents sets of trees with a different number of branches ’
: on the trees in each set. The children are asked to give : n3
the number of branches on each tree, the number of ‘trees, B .
and the multiplication sentence that the trees represent.’
Work the figst problem with the children/ then let them com- S
. plete the worksheet individually. They can then goonto - °
’ . Worksheet 46. The'second problem on.this page has-no
' trees in ;;he box. This.is an instance -of multiplying by zero.
. If the children are puzzled, the class may want to ‘discuss . i
this problem . . .. P
b e - .
: (3 v\ 1 "
] - ° " ’ - .
. - e R X
Worksheet 45 \'amc_.____:__ e e ‘ \iorkshectA«S a1 T PN
Lnit-25 . Unit 28 |
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ActivityB : . - o C ‘ ‘ ,ra:-‘

S Pt the chart of printed five~branch trees in a place whére
P l the children can see’it. Draw parallel number lines on the
) ' chalkboard and label the bottom number line "Number of
trees." This line should be labeled. 0-10 at rather wide in-
tervals, The top line should be labeled “Number of branehes.™

-

Number of Branches

~

- ‘. ~ P g ) ' ", .

T, T ] T T 1T T 1 .
I 2" 3 4 s 6 7. 8% 9.-10
Ly ‘Nuf‘n”ber of Trees . .

.

Ask the children to help you flll in the top number line. For .
zero trees, there are ‘zero branches., For one ‘Yree, there are
f'ive branches. Put a five on the top number line above 'the
.,~ one on the bottom number line. You may want {o;draw slas hes "=
for each of the branches bstween zero and five. Continue
filling in the top number line with the children. When the
tenth set of branches has been filled 1n, ask the children if
the.chart could be extended. - AN

<

IF THERE WERE ELEVEN TREES HOW MANY BRANCHES
WOULD THERE BE" (55.) -

-

The cgmpleted number Iines“wiil look like'thi‘s:
-q . . N
A . . ¢ - .>;

Number of Bratches -

»
3

5 10 15t 20 30 35 40 50 *
o lnnlmllmnluuluullUJLUHILHLIUJIL““] ~

T
I

| — 1T - T 1T T T. 1
.0 .2

3 4 s 6 7 8 .9 10
Number of Trees . 3} = .

4

. oy ‘o0 SN
. +Discuss wnh'the children the‘fact that we can use repeated
. e . addition to multiply, and ‘that this can bé*shdwn with parallel
number lines: sWhen cdmparing this method, t6 using the mul- |
tiplication chart, the childfen should find that repeated addi-
e - tion‘is rather slow,, '.° : o K




; N "~- a " T-\' ) : . ¢ ' . ‘e
‘ ’\ . ) N ‘ & ' "" VR - . g N
;\' PR T U ’ '." . . , - .
Tt <7 . .o A P '
| L : o - : I A )
[ ’ . . .. Vorksheet 47 yNane ’ . l e - ) ’,
o - Untt 25 . . o -'Actkvity C ° )
- I R TN ' v
: e 3 ‘{ .. CgE 4 - . I - .| Have the ch.rldren turn. to
Dene i ) B R Worksheet 47 and cut out; -,
. ~ - e .% ot L -] the tree diagrams along the’ .
. : - B ' y . i . : 5 doded’ lines. Ask them to
e i B LT TET L »[" look at the dlagram ‘with™™
. . o 2 VR B 7 %> | . |" three branches’on each tree ,7
'< : ‘ - : L be i IS i The trunks$ aré \nurnbere,;ik A :
: : l 3 o 1 1 ,consecutively along the . <, "
w . 1 . I H H I l X o-ab ol 4 I o " L. ._’ W R N «
A 3.2 i LITET0S 1*¢ .. | bottom number_lme,:and oo
1 il P P e the branches’are numbered |
ey . ! ! L S consecutively alongthe ;
.. ' N ' tep number line, Show the " .
. . | N Lt { p l h h
. . | : F | = T | children ow b .fold back
. > - | I 2 P the papef along .the tep num-- .
N I : e : +7 : ber line ag shown. |, - o
. 1 , | ] . - . . < ..
l :. . | ) | , ;7 . J - P) .
. | T | . .
g R4 |- .
. R r T R I | X . » -
I . | | | ¢ <! r ’
: ! ! P 1
] } i 0 | - _
¥ ‘o < e ' ‘
. ) '
’ L3 . //‘ s
‘ . Nu'm"ber of branches y ,
\ 9 5 21 27 30 33
/// ///////L///////////////////// 1/1 //

Then show them now to brmg thé top number line down to the
Have them crease the paper to make it

bott

V4
easiert

number line.
handle.

' l

i

1

/-

fold

0

°

‘.
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n
1]
Q
(o]
o]
Q.

Number of branches

4 ~

“3 & "9 12 15 18 21 24 27 30 33 36
jLZ///I//////////////1//14/11//1/11/

.1254{557/.441011112 .
Number ot trees ’

Now only the tips of the brancheg and the bottoms of the,

trunks show alony one number line. It is easy to see thats’

on three trees there are nine.branches, on ten trées there -
‘ ' “are 30 branches, etc. '

N v ) ; ' 4 . e ‘( " - .
Have thé children cut and fold the eight-branch tree diagram. .
Discuss it with the class, and let them use it to find theé
number of branches on various numbers of trees.

4 . .
P . -
« P S - Fed
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., Lessom2l: REVIEWING ARRAYS

~¢  One méthod of finding t'h'e‘produ°ct of two real numbers is by
interpreting multiplication as repeated addition, For example,
3+ 4 ¢canbe found by adding 4 + 4 + 4. Repeated additfon
can be thought of as the combination of equivalent sets (in-
this example, combining three sets with four members each).
When multiplicatioh i§ thought of in this way, it.can be given
a simple physical representation by building an array.

N

-
- -

The children were introduced to arrays in Unit 17, Introducing
Multiplication and Division. This lesson reviews the arrays

. as one multiplication algorithm., This review will prepare the
children for the extensive’'use of arrays in Unit 27, Numbers

“and Their Properties. ’ :

R I . i

e et -

MATERTAES 6o S

. Ko T R - .
- i &= ~ “~

v

- 20 counter‘gi’f"or.,each child (toothpicks, bits of paper, golf
tees, etc.) *© .

~ Worksheets 48-52
PROCEDURE L . ‘

© JActivity A . : P

Have the children turn to Worksheet 48, Read the worksheet
with them and have each child build an arfay with his counters
so that he gets the physical experience of building an array.
Discuss any of the questions that the children haye trouble
with. Stress the fact that in an array, each row h\ag the same
number of objects. When'the children have finished.the work-
sheet, put a simple array on the chalkboard. Have the chil-

. . dren determine the number of dots in kach row, and the num-
ber of dots in the whole array. Then have them do Work-
sheet 49,

| agiad
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worksheet 48 " Name
tnit 2%

This §s an array. Arrays have rows.

[ ® @ @ - ™isisarow
® © @ @ micisarow
o ® o o This'ie a row.

—
Rcva 4o across.

<

In this array, there are 3 rows.

- ¢

Wworksheet 48 (Cont.)
Unit %5

In this'array, each row has eome objects in<t.

‘® Qg/ @ O rwinu_ % ot
o o o o Row 2 haa 4’ dggu*.
® o o o Row 3 has 4 dota.
. ™
Does enc!l row have the eame number of objo;:u in 1t?
No .

o

In the array above, there are 3 rows with H’ dots

—

in each row.

There are_J.&_dot; fn all.

These are arrays. Fill in the blanka.

1@ ® @ ,,00a |voe o=w
. Aaata |v=w =
o o o L AN
AAALA | oy oiuw

AAAAA PR —

¢ o o iiaa i iy
e o o . oy wEe

+ a1

rows fErm- rows
Iob]ects in objects in _Lobject- in

each row . each row each row

LI AR
i ’
LRI

Coomn
J

rows L _rows rovs
objects inj & __objects in] % __objects in
each row each row elclh row

.
I .
- .« A e

k7

Q

ERIC

Aruitoxt provided by Eic:

Mo
<o

Make a different array with your counters.e
- - In my array, there are rows with objecta
. in each row,
In my array, there are TOWS. i
.
N There are objecta in all,
»
R -
v <
_Activity B
Worksheet 49 Name
Calt 23

5 X 4 on the board., Ask the
children if they could make an
array to find the product of -
these two numbers, Explain -
that the first number of the
problem represents the number
of rows in the array and that
the second number of the prob-
lem represents the number of
objects in each row, As chil-

- dren suggest arrays, put them
on the chalkboard and ask a
child to find the number of ob-
jects in all, He may do this .
by counting each dot, Suggest
that there is a faster way.
Since there are the same num-
ber of objects in each row, we
could use repeated addition to
find the product,

\\Pit\the multiplication problém-




Write the repeated addition sentencé next to the correct array.

Your work should look like this:

A3

_Put a new array on the chalkboard and have the.class give you

~

W3

A+ 4+ 4+44+4=20 "

the multiplication seriteénce that describes it, Remind them
that the first number in the sentence describes the number of
rows and the second number describes the riumber of objects
in each row. Have the children compléte Worksheets 50 and
51, You may want to help them with the first problem on each

.worksheet.: - o

-

ERIC
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lork'shoet 50
Unit. 23

- We can use-arrays to show multipl icstion eentences.

Nameo __-

Worksheet 35t
Unit 25

°

-

[ A0 —

Draw an srray in esch box.

’

The first number is for FTbms, the second

4

-

¥rite a multiplication sentence to describe each Remewmber:
array. number fe for the number in each row.
- 00006 4x2=8 6x3=18 2x5=10
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Activity C

Put a simple multiplication sentence, for example, 3 x 2, on
the board. Explain to the children that instead of using the
x for a times sign; it is often better to use a dot, Erase the

" x from your problem and replace it with a dot, 3+ 2, Telil
them that from now on, they will be -using a dot instead of ar
% in multiplication sentences, L. X

R~2ad through Worksheet 52 with the class. The children should
discover that they can find the product “of the two numbers by |
drawing arrays, though they will find that this is a slower method
than using their multiplication machines.

- Worksheet 52
Unit 29

M:xltl.ply. Draw arrays on‘ly if you need to,
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. Lesson 22: MULTIPLICATION CARD GAMES

L2

’

T

In this lesson the children will learn several card games Q’yat‘

provide practice with repeated addition, arrays and multipli-
cation. The card games are played with special cards that
are included in the back of the student manual and teacher
manual, Each-child will have his own five decks in case he
wants to take somé home. Each ~de€:]< has'a distinguishing

> mark in’the lower right corner so that the decks can be sorted
if they get mixed up. .Each deck consists of 30 cards with
repeated addition sentences, multiplication sentences and
arrays that match. The children will.learn the games in thi$
lesson, and then should play as often as possible to provide
practice with multiplication facts. '

El

MATERIALS

"-- for each teém -

~'1 deck of cards
- pgencil and paper
- ;ﬁa‘ce tg play (table, floor, or desks)

-~ for each child --

" —~ 5 decks of cards (provided in student manua1)<
- '5 rubber bands . \ .

—~ . envelope

_ PREPARATION

Beflre class begins cut up the five decks of cards in this
maQual and the five decks from one stucica,qt manual, It will
save timé to cut these on the paper cutter., Ten decks of
cards will be enough for this lesson., The other children
"can cut up their cards during free time or at home. The chil-
dren should put a rubber. band around eagh deck and keep the
five decks in an enyvelope. The children may want to” put

' their initials on the back of their own cards. Your five decks




(4

PROCEDURE

.

ané\a/t\least five other gl’écks should remain in the .classroom,
Each child may want to take a couple of his own decks home.

~

. ' - *
These games involve matching multiplication cards with the

correct repeated addition and array cards., For example, in
the deck marked with triangles, there is.a 5 - 6 multiplica-
tion card. The pfatching repeated addition card has on it:
6+ 6+ 6+ 6+/4. The matching array ¢ard has an- array of
dots with five”rows and six dots in each row. In each deck
there is a bonus card that matches a multiplication card in
place of the repeated addition card, These b'on_us cards are
for multiplication cards that involve one times sQme number.
For example there is no repeated addition sentence for ’
| - 7, Therefore the bonus card repeats the mu1t1phcation
card and is to be used in place of the repeated addition card,
The mathematical reason for this is that there are no repéatec
addition sentences thaf illustrate mql’dplication“bxizero or
one. : '

i

) . . 1 - .
Introduce the.games in any way you wish, You mdy wantto
teach one game at a time to the entire class, or you may |
want to start different teams on different games, and then let
the chlldren teach each other, - .

o hd L

Multiplication Rummy

Two, three or .four children play this game with one deck of
cards. Each player is dealt five cards, The rest of the deck
is tumed face down-and used as a draw pile. The dealer
turns the top card face up to start the discard pile. The ob-
ject of the game is to be the first player to get rid of all his
cards by laying down matching pairs and triples (of multipli-
catmn, repeated addition and array cards).

The player to the left of the dealer begms the game by draw-
ing a card from e1ther ‘the draw pile or the discard pile, He *
lays down {ace up in front of h1m) any pairs or triples he

can make, and discards one card. The nex’ player draws-a -
card from ejther pile, lays down any pairs or triples, and
dx\cards one card. If any.player has the third card to a pair

8 o




* some other playe} has pht'dOWn the player with th third
card puts.it -down (face up) by hls own cards,' He can do
this only durmg his turn.

If any player thinks another player has not matched the cards

properly, he should challenge that player at the time the pair
. or triple is placed on the table. The child who matched the
"cards must explain why he thinks he is right, If he is wrong,
‘ . he picks them up and loses his turn,’ - ‘ '

When the draw pile is gone, the dealer shuffles the discard
pile .and makes it a draw pile. He turns over one card to
start the new discard pile. The f1rst child to~ lay down all
his cards is'the winner, It does not matter how many cards
the winner has matched, but only that he got rid of all his
cards first, *+ . - . ‘

"

9 Multiplication Match - -
‘]:hree children play this: game. The dealer deals out all °
"cards from one déck. The Thildren arrange their cards face
up on the table in front of them so that all players can see
all cards., The object of the game is to be the first player
to match up (in pairs or triples) all his cards.

N

il
0

To begin the game, each child finds all the pairs or triples
.- in the cards he has been dealt. He stacks =ach pair'or tri- >
ple in front.of him face up so that one card from each match
shows. Each child should keep his matched cards separated
from his unmatched cards, but all cards should be kept in
view. When the children have made as many pairs and tri-
. ples as they can find, the dealer begins playing by drawing -
one ‘unmatched card from the player on his left and putting ~
: it with his own cards. - Since the object of the game is to
\ match up all unmatched cards, he should pick a card that °
w111 either make a pair with one of his unmatched cards or
a trlple with one of his‘matched pairs, If he finds a match-
. ing tard, he stacks the pair facg,up or, if it is'the third
~ card, puts it face up with The matched pair.

The children continue draw'i:ng one card, always from the
Y player on the left, until one child has matched all his cards

A P




in pairs or triples, Since each child must draw a card each
turn, he should always try to draw one that can either be

~ paired-with one he has or matched as the third card to a pair
he-already has. The ¢hifdren will be able to see every play- .
er's cards and will know which ones they-want, Since they )
can ‘only draw from the person on the left, sométimes they
may have-to wait several rounds to get the -card they need,
The first child to match all his cards in pairs or triples is
the winner.. It does not matter how many pairs or triples he
matched, only that he has no unmatched cards left,

.

M

Keep the Card
Three five or six children can i lay this game, All cards are
face down .in one p11e in the middle of the table The_‘object
of this game is to get the most c'ards
One child begms by drawing the top card fronr'the” p11e He
examines the card, shows it to the other. players and then \\
gives either 1) the product if he drew a multiplication card,

2) the sum if he drew a repeated-addition card, or 3) the mul-*.

tlphcatlon sentence for an array if he dréw an array card, If *

necessary, the chlldren can use paper and pencil, counters,

multiplication machine, etc, to help figure out the answers,

but the children may want to set a time limit on how long each
. player gets to flgure out his answer.

The players ca_ challenge any answer they think is wrong.
The challenger must say, "I think you are wrong. The correct
answer'is ." When an answer is challenged both the.
player and challenger must try to prove his own answer by
drawing an array, writing a repeated addition sentence, or
using the multlphcatlon machihe. Ifthe player's answer was
cormrect, he keeps the card, If the chalienger was right, he
gets the card., If both the challenger and player were wrong,
the card goes. back 1nto the deck on the bottom of the pile.

L AT

The next player draws a card, exa‘mmes it, shows it to the
other players and gives the correct answer Again, his an-
swer can be challenged, -If he gave the correct response,
he keeps the card. Then it is the next player's turn., The:'
game continues in this way until there are no more cards °*

e
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.




, left, Then eaéh player counts up his cards. The winner is "’

R4

~the player with the most cards, 1nd1cat1ng he gave the most
" correct responses.’

s
'In case of a tie, each player involved in the tie'tries to match
his cards into pairs and triples, Each player gets two .points
for each pair and three points for each triple. The child vyith
the most points, wins the tie, This méthod of breaking &'tie
depends mostly on luck rather than skill, so you may just
J want to hare a game end as a t1e.

ey

~




'Lesson 23: CAR'DESIAN P-RODUCTS' . . : )

A Carte51an product is the set of all ordered pairs trat can
t be made by combining every member of one set with’every
o . fember of another set. Cartesian products areelated to =«
ot . L multiplication in that the total number of members in the Car—d
' tesian product of two sets is.the same as ‘the number of mem-
bers in the first set times the number.of members in the sec-
. ond set. .

' In this lesson the children work with two simple 51tua<tlons .
' h which finding the Cartesian produdt is desirable. Though
* ) this process is discussed, you need not.introduce the term
at this time. This lesson prepares the chlldren for work with
.Cartesian products in Unit 27. -

A MATERIALS
— crayons 4
. '~ Worksheets 53-55 - : S
L ' PROCEDURE . o | T
. K R ’ . Have the children turn to .
\ vorkanoot 53 ome . Worksheet 53. Read through -
5 tks h ———— e ‘
¥ “tnit 29 ; the top with them and let the
N o Grandma Larsen has good things to eat at i\er house. ’ Cl’}ildren complete it 1Pd1V1d -,
) One day she gave Molly and Tom chocolate Ice cream, ually. When they hav_e fln-.
vanilla lce crean, chocolato toppink, cherry top- iSth ask them if the chart

ping, pineapple topplug, and butterscotch topplng.
on the workslyet reminds

', Color the chart to find out how many different kinds

> of eundaes they could make. . them of an array.
Topplux _ ) . — o
1 Chocolate ‘é‘herry Pineapple Bl_lllchCf)l‘ch . o . T HOW IS IT LIKE AN ARRAY9 i
Co y (It ‘has rows, and each row ¢ .
H : U 1 has the same number of ob-
f;_ \L? N/ jects as the other rows.)
3o . & ) . HOW MANY ROWS ARE
g < ; ‘ THERE? (Two.) HOW MANY.'’
O 1 . N SN N I THINGS IN EACH ROW? ~
. 2 | e j (Four )
g ( I T |
- ‘ A i 1§ i$ - Ha\‘_ze the class determine.the
They could pake 8 ___ different aundacs. ) ’ mulf-tiplication sentence that .
. 1'd 1ike the one with desgribes this array. '

~

.
M -
\ , ) ‘
-




. . ) . ;-
) : b E ‘ -
Ll a l, -
3 . i . 14
Read. Wprk‘sheetls'll with the class. Have't suggest . .,
a way to show the' Cartesian product of t Draw
the chart on the.chalkboard and have thedchildren suggest and
\ 3 demonstrate fow ¢o fill it in. The Cartesian product here is -
the number of members in the set of plants (two) times the €
number of members in the set of condifidons (three). The pro- -
duct tells how many tests would have to.-be made to test every . .
. condltion' on ®2ach plant
Durmg the discussion of how to fill in the chart you shoul
brmg oyt the fact that with'this chdrt, the.class can tell y
oLt whether or not every set of variables has beentested, In-: .
» ' - order for a scientist tot bé confident of his results, he has to ) R
* experimént with every possible combmgtmn of variables.
When the children have completed the chart so that every com- | . .
> b1nat1on has béen made, each child can copy it dnto his work-
. ¢ heet, Then read through the top of Worksheet 55 with the s
srs}/nd have the chﬂdren complete it 1nd1v1dually or in pairs.
.}‘ Yy / v . ) »
V4 ‘
] ? . - t
Yorksheet 54 - Name ) Workshcet 54 (continued) ¢
tnit 23 v \
. Draw a chart to show how many tests you did ll\ all.
. In tnit 23, you tested two-kinds of plants fo see
how some conditlons affected them. tHint: 1t could be like the one on \iorks‘\eet 53.)
v - ) ) Py > N . . \
N . ) » . D ¢ )
. The set of plants had two Pesbers. Theae were: . !
y Mmosdiee leght temperature ’
‘ 1 memberp Rrasas W ) F . / -
' o oesber radish ; / ‘ ' '
v E . -~ : . N
2 membera . » - d( .
\ Lilsg |89 | ¢
'y;u use.d.threo. d\ﬁn:ret\( co:\dluom. - (» . \’. i
The veabera of this set were: ' . .
] . . ‘n . .
. . " -
) 1 rember  molwture ' 3 %A \%‘Q V l LT
4 1t member  ° tpmperature ’ -
+ | member 1ight i :
) .3 memhers
v we mde_L testa tn all . !
L 4 .
W
136 ’ . s
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Yorksheet 55 Nume : . Yorksheet 55 (continued) |
L nit B \ .
\\ -
After you tested the plants, you tested three dif-
“ ferent kinds of animals to sce how sope conditions N
afrectad them, )
y 3 .
. This set of amdmals had three sembers, wse’weres
L
1 nember  meaiworm beetle @ﬁ:—:’ *
N -~
| member sowbux toe 3
+ 1 membur carthworm .z J
. >
. iumber‘ . - 9 $
.
. v . . EL
. . t .. - - “
The 5 of copditions you tested were the same n\ 2
berore, ' The sesbers of this set were:
. - "\
1 menber moisture 1)
1 sember temperature } \ ' 4?
+ 1 member 11ght v X3
3 > ‘
. o members -
h) R ﬂ :
R , We made tests in all.
o .
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- “Lesson 24: MULTIPLICATION DIC% GAMBS ) :

- The games in this lesson prov dé more .practice with multl-
, " plication facts. The children should be encouraged to play
‘ these dice games often. Teachers who do not have the dice
from the third -grade kit, or children who want to plag at
home‘, ~can modify these games\and use regular dice.”

-
v

.

3

. \
-- for each team L \ . -

! \
-p

—.two dice (one numbered zero\through flve and one numbered
.~ four through nine) -

MATERIALS

) : \
- pencus and paper . N . i

—- for each child -- | \
— Workshéets’56 and 57 -
PROC"DURE ——

Gama I Math Madness .

- ' &2 .
Divide the children into groups of three, four or five. Each
child should have a pencil and paper. Give each team a low-
numbered die.“} The object of the’ game is to gain the most
points before an agreed upon time has elapsed or to be the
first to reach a predetermine. score. You or the children can

. decide which vay to play. )

To begin the game, one,child calls out a number from one
through nine. | The child on his left rolls the die, multiplies
the numbcr onlithe die times: the number the first child called
out, and tells{the group the product. If his answer is Correct
he gets a point. Oné ch.ld can be scorekeeper or each child
can keep his qwn scor~. The children can check the product
using a m,ulti:j%}ication machine, arrays, counters,. pencil and
paper, etc. 4 any player thinks an answer is wrong, he chal-
lenges it and shows the correct answer. If the challenger’is
..correct, he ge&s the pomtm |

\_\
\\
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Now the child who rolled the die calls out a number. The

player to his left rolls the die and multiplies the number on,

it bv the number the previous child called out. He tells th2

group the product and gets one point if his answer is correct.

The game continues in this way. The winner is the child who

gets the Tmost points before an agreed upon time has elapsed
* or who reaches a predetermined score.

Variq‘tions

I, .‘(Nhen the children are able to call out the products rap-
/idly and accurately, they can use the second die (four
/through nine) which will generate larger numbers.

2./ The children can use both dice and multiply the number
on one times the number on the other. Each child writes _
/ down the product he generated on his first turn. After /
/ his second turn, he writes down the product and adds it b
{  to the first product. After each turn'he adds the product
| to his previous total. If a child does'not multiply cor-
i rectly (and is challenged by an oppl_or,lent),"he does not
, get to add anything to his running total. The child who
o ¢ ' reaches a score of, say, 200 first, is the winner.
3. The children can use both dice. The first child calls out
"add" or "multiply." The second child rolls both dice
and does what.the first child told him to do. One point
is given for each correct answer. ’

. ; 4. The game can be played with two-digit. numbers genera\tid 3
\ ; by multiplying the roll of one die times the roll of the
} other die. That product is recorded on & piece of paper.
! Then one die is, rolled again, and the first product is
\ " multiplied by this number. A child gets one point if he
r correctly multiplies the first two numbers_and one more
' point if he reultiplies correctly the second time.

ame/2  Dice Boxes \

- AN

N ey ~

Ior this gjan‘xe the children use'two dice and the score\sgrds
/ on Worksheet 56. ELach child can use one scorecard or sev -

eral children can play on one card, initialling the boxes \\

J
I \/
! 4 they fill in.
K , 152
’, .
|
!

/ .

/

'
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To begin the game the

first child chooses a : *
number along either the ,
. ‘s ‘ worksheet 56 N:
‘ horizontal or vertical ot 25 Name

‘axis of the scorecard.

/ If he chooses a number .o 1|23 4]s. . o|1|2]3]al5
from zero through five 4 ' .
{ along the horizontal s . s
axis, he rolls the High- . ' . -
numbered die (and vice 7 5
versa). For example, . vl s
he may choose 5 along . I -
the horizontal axis, and- 4
.then roll an 8 on the — — 7
’ "high-numbered die. He il Il I B I . 0jtp2i3efs
multiplies 5+ 8 and 4 4 ‘
. . fills in the product, 40, 5 5
in the correct box of 6| . 6
his scorecard. (If sev- 7 )
eral children are playing s ‘ s
on one card, he initials 9 9 ' -

the box.)

L Then the next child
chooses a number along
one axis. (If several ;
children are playing on the same card, he cannot choose a
number that has already been taken.) Then he rolls the cor-

. reét die, multiplies and fills in the product.
i
The game continues in this way until one player has filled in
his whole card. (If several children are using one card, the
game continues until it is filled in. The winner is the child
who filled in the most boxes.) o

s1f, keeping track of the
e whole card.

A child could play this game by him
number of turns it takes him to fill in

\ . "Game 3 Dice Choice .

For this game the children use both dice and the™scorecards
\ ° on Worksheet 57. Any number of children can play ~e¢ach
using his own scorecard. ;

e
c
<o




-
One child rolls both
dice. He can either ' ‘ -
add or multiply the two
numbers to-generate a Worksheet 57 Nawe,
product or sum shown ot s

on the scorecard. The
object of the game is to
be the first player to |-
cross out all numbers
on-the scorecard. If a \ -
player rolls a 4 and a 5, 11 N
he can either add them wle
and cross out the 9 or HE
‘he can multiply them and
cross out the 20. '

>

f
24

IR

]
wl2s]2

235 2] 4n] s
]
| 2ofai]

’
1
?
3
728 130 32 39| 36| 4] 44
?

s
3 e | 0

2s) 27 28] 30 Jea2] 2s) 36| 4d ) 4s

vy

v
2
2%
3

2

<24
2

The game continues in this T NP —1=

way until one player has <<= == " :
crossed out all the numbers = NBE - »
on the scorecard. The chil-] | ull el il e i I -

- dren will realize that on
many turns-they will not be -
able to generate a number -
shown on a scorecard or
they will generate a num-
ber that has already been
crossed\ out.

3
claz )i

25| 22| 2w | s
s
IR
|| as] 0] 22 58] 36 ] 40| as

4

For variation, an ppponent could -call out "add" or "multiply"
before the player rolls the dice. Then the player must add

or multiply ‘the numbers according to what the opponent said, .
A child could play this game by himself, keeping track of
how many turns it takes him to cross out all the numbers.

t
1

141
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In tghe back of this manual and in each student manual is a
letter to the parents concerning Unit 26, What Are Things
Made Of? Please have each child tear out the letter and
take it home a few days before you plan to start Unit 26.

\
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addition card
for 1 45,
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. LT ' . MINNESOTA SCHNOL MATHEMATICS AND SCIENCE 'CENTER
. - 720 WASHINGTON AVENUE S.E.; MINNEAPOLIS, MINNESOTA 85414
* Office of the Director . ¢ . . . .

’

Dear Parent:

o Your chila will soor begin studying ‘a néew MINNEMAST upit, . oo
o . ‘ What Are Things Made Of? As the name implies, it is concerned
- ) ‘ with the great variety of materials of which objects are composed. .
At the beginning of the unit, the children are going to take apart
discarded useless objects so that they can identify and sbort each
! matenal 1t would be most helpful if your child could bring a
few broken toys or useless articles to school within the next

- . o ‘few days. ' . |
‘ Y ’ : \/ . N

The most interesting objects are those made bf more thanone - P
material, such as a toy'car made from metal, plastlc and rubber

Old utensils are also useful, .Some suggestlons include wornout

.metal-pans with wooden handles broken clocks and discarded

paint brushes. e » -

-If your child could also bring a hammer, phers or file, thlS would N
be helpful. Care will be taken to mark any tool -so-that it can be

\ " returned. S B .

2\ . ’ . . { . . ¢
- Thank you for your cooperation. I am sure your child is going,

‘ to enjoy this unit and will tell you about the different tests for

Vv ‘ distinguishing’ one material from another.

Gardially,

“ Teacher
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